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In the United States, approximately 90% of consumers exceed the daily recommendation 
of 2,300 mg of sodium. The Food and Drug Administration (FDA) has developed voluntary 
short-term and long-term sodium reduction guidelines for a variety of food categories. Reduced 
sodium products, however, are often not liked by consumers. Flavor enhancers, like monosodium 
glutamate (MSG) and disodium inosinate and guanylate (I+G), increase the savory flavor of 
reduced sodium foods and may allow for greater consumer acceptance.  
The first objective of this research was to compare the acceptability of FDA-
recommended short- and long-term reduced sodium flavored potato chips (18% and 51% 
reduction) and puffed rice (20% and 57% reduction) seasoned with and without MSG and I+G 
combinations across three conditions: blind tasting, ingredient information, and ingredient 
information with educational phrase of the need for sodium reduction and the safety of flavor 
enhancers. Across all conditions, there was a significant difference in liking for potato chip (p < 
0.01) and puffed rice (p < 0.001) samples. Ingredient information increased the acceptance of 
potato chip samples seasoned with flavor enhancers, while education increased the liking of 
potato chip samples seasoned with short- and long-term sodium reductions and samples seasoned 
only with salt and MSG. Puffed rice seasoned with MSG and I+G were liked the most, while 
ingredient information increased the liking of samples except for samples seasoned with reduced 
sodium long-term with MSG and I+G. Education, however, increased the acceptance of all 
puffed rice samples seasoned with MSG and I+G.  
The second objective was to identify drivers of liking for the potato chip and puffed rice 
samples by correlating acceptance data and descriptive analysis sample profiles. The 11 trained 
panelists identified eight significantly different attributes for potato chips and seven significantly 
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different attributes for puffed rice. Drivers of liking for potato chips were meaty aftertaste, 
aroma, and aroma-by-mouth and umami aftertaste, while raw potato aroma was a driver of 
disliking. For puffed rice, crunchy texture, garlic aftertaste, and savory aftertaste were drivers of 
liking. Puffed rice drivers of disliking were bitter aftertaste and chili powder aroma-by-mouth.  
Understanding the influence of ingredient labeling and education and drivers of liking for 
potato chips and puffed rice will allow the food industry to develop successful reduced sodium 
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CHAPTER 1: INTRODUCTION 
1.1 Rationale and Significance 
In the United States, Americans consume more than 3,400 mg of sodium daily on 
average. The tolerable upper intake level and adequate intake for sodium are 2,300 mg and 1,500 
mg, respectively (U.S. Department of Agriculture, 2012). The overconsumption of sodium has 
led to adverse health effects including hypertension, heart attack, and stroke (Cogswell, 
Mugavero, Bowman, & Frieden, 2016).  
Over 77% of sodium in the diet comes from processed and prepared foods, an area where 
sodium reduction is possible (Havas, Dickinson, & Wilson, 2007). The Food and Drug 
Administration (FDA) drafted sodium reduction guidelines in 2016. The document states 2 year 
short-term and 10 year long-term sodium reduction goals for a variety of food product categories 
(Food and Drug Administration, 2016).  With almost 47% of United States’ snack sales being 
from potato chips, corn chips, and extruded snacks purchases, these are the categories on which 
to focus sodium reduction research (Government of Canada, 2016).  
Reduced sodium products are often perceived as less palatable than full sodium products. 
To increase the acceptance of reduced sodium products, flavor enhancers, such as generally 
recognized as safe (GRAS) monosodium glutamate (MSG) and regulated disodium inosinate and 
guanylate (I+G), can increase the savory flavor of foods when used in conjunction with 
decreased levels of sodium (Walker & Lupien, 2000; Yacoubou, 2011). There are consumer 
misconceptions of MSG causing sweating and headaches; however, there are no scientific data 
confirming MSG as the source of these side effects (Walker & Lupien, 2000).  
Monosodium glutamate and I+G are found in many foods such as tomatoes, parmesan 
cheese, and mushrooms, but the sensory evaluation of these flavor enhancers in reduced sodium 
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potato chips and puffed rice and the effects of ingredient information labeling and education on 
product acceptance has yet to be investigated (The Glutamate Association, 2018; Yacoubou, 
2011). The effects of flavor enhancers on consumer acceptance has been studied in other food 
matrices, but not in potato chips and puffed rice. With an increase in consumer interest in and 
concern for food ingredients, it is critical for companies to understand consumer acceptance and 
perception of unfamiliar ingredient names, the influence of information on labels, and education 
on those ingredients. More research needs to be done to understand the sensory acceptance and 
profiling of flavor-enhanced sodium reduced products.  
 
1.2 Objectives  
The overall objective of this research was to reduce consumption of sodium through the 
development of reduced sodium snack products seasoned with flavor enhancers. The hypothesis 
of this research was that the addition of flavor enhancers will increase consumer acceptance of 
reduced sodium snack products, thus decreasing sodium consumption. The specific objectives 
were to: 1) determine the effect of flavor enhancers on the acceptance of reduced sodium potato 
chips and puffed rice seasoned with flavor enhancers, 2) determine the influence of ingredient 
information on the acceptance of reduced sodium potato chips and puffed rice seasoned with 
flavor enhancers, 3) determine the influence of consumer education of the safety of flavor 
enhancers on the acceptance of reduced sodium potato chips and puffed rice seasoned with flavor 
enhancers, and 4) identify the drivers of liking for reduced sodium potato chips and puffed rice 
seasoned with flavor enhancers by correlation of descriptive analysis and consumer acceptance 
data.    
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To accomplish these objectives, the seasoning formulations for potato chip and puffed 
rice were developed in line with the FDA’s voluntary sodium reduction guidelines for short-term 
and long-term sodium reduction goals for flavored potato chips and flavored puffed rice. Seven 
seasoning formulations were tested for both potato chips and puffed rice: 2010 average sodium 
content for either flavored potato chips or puffed rice, reduced sodium short-term, reduced 
sodium long-term, reduced sodium short-term with MSG, reduced sodium long-term with MSG, 
reduced sodium short-term with MSG and I+G, and reduced sodium long-term with MSG and 
I+G (Food and Drug Administration, 2016). Following the development of the samples, a 
consumer test was conducted to evaluate consumers’ overall acceptance and specific liking of 
flavor and salt for the seven samples. Descriptive analysis was then conducted by a trained panel 
where significant differences across the samples were determined. Lastly, acceptance and panel 
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CHAPTER 2: REVIEW OF LITERATURE 
2.1 Sodium in the Diet 
 
Health Implications of Too Much Sodium 
While salt has been used in food preservation and palatability for centuries, the 
overconsumption of sodium has caused a visible increase in health ailments (MacGregor & de 
Wardener, 2000). High sodium diets are attributed with approximately 103,000 American deaths 
in 2005, with an estimated 49,000 deaths being male and 54,000 deaths being female. In 53% of 
males and 47% of females, high dietary salt has been presumed to be the cause of cardiovascular 
diseases (Danaei, et al., 2011). Cardiovascular diseases include hypertension, heart attack, and 
stroke (Cogswell, Mugavero, Bowman, & Frieden, 2016). The human body requires less than 
500 mg of sodium for everyday functions, but meeting this amount is not a concern for most 
Americans (American Heart Association, 2018). 
Current Levels of Sodium Consumption 
The tolerable upper intake level, the maximum intake where no detrimental health effects 
is expected for majority of consumers, is set at 2,300 mg of sodium per day. The average daily 
nutrient intake, termed adequate intake, is 1,500 mg of sodium. Even with both of these sodium 
reference numbers, consumers still consume more sodium than is required and recommended. 
According to the 2003-2006 National Health and Nutrition Examination Survey (NHANES), the 
average American age one year and older consumes 3,411 mg of sodium per day. For males age 
19 and older, the average sodium intake is 4,559 mg, with greater than 97% being above the 
adequate intake level and 96% being over the tolerable upper intake level. The equivalent female 
age group has an average intake of 2,910 mg per day, with greater than 97% consuming sodium 
at levels greater than the adequate intake level and 75% at levels above the tolerable upper intake 
level (U.S. Department of Agriculture, 2012).  
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2.2 Strategies to Reduce Sodium in Food Matrices 
 
Food development approaches have been taken to combat the rise of sodium in consumer 
diets. From the processing standpoint, the addition of salt for preservation and extended shelf life 
has been avoided by freeze-drying and reducing the pH (Renes et al., 2014; Salemme et al., 
2007). In the stealth approach, manufacturers gradually reduce the amount of sodium in their 
product over a long period of time so consumers are not aware of the change (Coyne, et al., 
2017). Applying salt with a smaller particle size and a hollow structural shape allows for quicker 
solubility and greater interaction with the taste buds (Rama, et al., 2013; Masset, 2014). 
Localizing salt in different areas of food is another method for sodium reduction that still allows 
for palatable products (Emorine, Septier, Thomas-Danguin, & Salles, 2013). Salt substitutes, 
such as potassium chloride, have been used in food to impart a salty taste. Although potassium 
salt can impart a salty taste, it is often perceived to have a slight bitter taste (Sinopoli & Lawless, 
2012). Replacing a portion of sodium chloride with potassium chloride, magnesium sulfate, 
calcium carbonate mixtures with small amounts of folic acid and zinc oxide have been used as a 
replacement for a seasoning of only sodium chloride (Ryberg, 2008). Another strategy to reduce 
sodium is replacing a portion of sodium chloride with flavor enhancers to maintain the 
palatability of reduced sodium products. 
Flavor Enhancers  
Flavor enhancers are ingredients added to alter, increase, or add to an original taste or 
aroma while not contributing its own taste or aroma (Igoe, 2011). Salt is a common flavor 
enhancer with different abilities at varying concentrations. At low amounts, salt can improve 
sweet and sour tastes. At greater concentrations, salt can increase umami tastes (Villazon, 2019).  
Possibly a better known flavor enhancer is monosodium glutamate (MSG). Discovered in 
1900s Japan, MSG is the salt form of the amino acid glutamic acid. It can be found in tomatoes 
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(246 mg/100 g sample), parmesan cheese (1,680 mg/100 g sample), broccoli (176 mg/100 g 
sample), and even breast milk (22 mg/100 g sample) (The Glutamate Association, 2018). 
Monosodium glutamate is generally recognized as safe (GRAS) for food by the Food and Drug 
Administration (Center for Food Safety and Applied Nutrition, 2018). Another category of flavor 
enhancers are nucleotides, which includes disodium inosinate and disodium guanylate (I+G). 
Used in coordination with MSG, although at much lower concentrations, I+G further increases 
the savory taste of food. Disodium inosinate and guanylate is naturally found in mushrooms 
(Yacoubou, 2011). Disodium guanylate is a food additive regulated under the Food Additives 
Amendment, while disodium inosinate is a regulation issued food additive (Center for Food 
Safety and Applied Nutrition, 2018).  
Despite the food source, glutamic acid is all the same and is not processed differently by 
the body. Monosodium glutamate imparts the umami taste of foods via the T1R1/T1R3 umami 
receptors (Rong, et al., 2005). Although a definite mechanism of how flavor enhancers work has 
not been established, there are several theories. One theory suggests MSG primarily interacts 
with salt taste receptors since MSG does contain sodium (12.5%). The glutamate portion of MSG 
does, however, interact with our umami receptors, allowing the savory taste to be perceived. 
When a product contains MSG and I+G, the interaction of MSG with its taste receptor increases 
the affinity of I+G to its umami taste receptor site, causing the food to taste more savory than 
food seasoned with MSG alone (Nakamura & Kurihara, 1991). 
Consumer Awareness of Monosodium Glutamate  
While MSG is determined safe by the FDA, it is often seen differently by the media and 
consumers. Monosodium glutamate is often associated with an illness termed Chinese Restaurant 
Syndrome with symptoms of fatigue, skin flushing, and headache. Despite these accounts, there 
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are no research data validating the symptoms with MSG in a variety of carrier methods including 
beef broth, boiled rice with pork, and as a capsule (Morselli & Garattini, 1970; Tanphaichitr, 
Srianujata, Pothisiri, Sammasut, & Kukapongse, 1983; Prawirohardjono, et al., 2000). A 2018 
study conducted with consumers from the United States found MSG was misconceived to be 
another form of salt that would raise blood pressure. It was seen as artificial and a chemical 
added to food which was not appealing. Although mixed views on the purpose of MSG, 59.1% 
of participants stated they try to limit or avoid MSG daily. This study found that participants 
between the age of 18 and 36 had a greater perception of MSG being beneficial than participants 
outside of this age range (Wang & Adhikari, 2018).  In 2011, a survey evaluating consumers’ 
knowledge of food additives found education on these topics improved both food additive 
knowledge scores and safety perception scores (Shim et al., 2011). Educating consumers on the 
safety of MSG will allow consumers to make informed decisions when encountering MSG in 
their lives.  
 
2.3 Sensory Evaluation of Sodium Reduced Products  
 
With the apparent health risks associated with high sodium intake, it makes sense 
companies would create products that guide consumers towards a healthier life. According to 
Mintel, 16% of snacks and 14% of sauces and seasonings were categorized as low/no/reduced 
sodium (Mintel Group Ltd., 2012). By 2011, Campbell’s Soup Company decreased its soup 
sodium content from around 700 mg to around 480 mg per serving. With this decrease in 
sodium, there was also a decrease in soup sales, causing the company to increase sodium in their 
soups back to 650 mg (Scott-Thomas, 2011). When new or reformulated products come to 
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market, it is imperative the products have had sufficient sensory testing to ensure their success 
and acceptance by consumers. 
Consumer Sensory Evaluation 
Companies can see what consumers think about the sensory aspects of their products 
using consumer sensory tests. Two main categories are acceptance and preference tests. In 
acceptance testing, consumers indicate how much they like a sample on a given scale. For 
preference testing, consumers indicate which sample they prefer more than another sample. In 
addition to getting product or package feedback, companies can validate product claims and see 
how their product compares to their competition.  
Participants for consumer tests are users of the product and indicate their feelings towards 
the products on a scale. Hedonic scales are typically used in acceptance tests since they are 
simple to understand. A 9-point hedonic scale ranges from a numerical rating of 1 representing 
“dislike extremely” to 9 representing “like extremely”. The values are equally spaced on the 
scale and are often anchored with numbers or word descriptors to assist the panelist in indicating 
their liking. Just-right scales are another popular acceptance test scale used.  
When a company wants to see which product a consumer prefers compared to other 
products, a preference test is conducted. Although panelists may not like any of the products, 
they are forced to choose their favorite, thus making this test a forced choice test. A “no 
preference” option may be included to allow panelists to indicate they do not prefer one product 
over the other. Often if more than two products are tested, panelists are asked to rank the 
products which shows their order of preference (Lawless & Heymann, 1998). 
Consumer acceptance of reduced sodium products has been the focus of many studies. 
One study evaluated the acceptance of low salt tomato soup with repeated soup exposure. They 
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found greater than 40% sodium reduction caused a decrease in consumer liking and the liking 
did not increase with repeated low sodium soup exposure (Ghawi, Rowland, & Methven, 2014). 
A study investigated acceptance of military meals with sodium reduction ranging from 52 to 
91% compared to the acceptance of a higher sodium control military meal. Tuna noodle, beef 
stew, pork with barbecue sauce, and meatballs with barbecue sauce with at least 52% sodium 
reduction were liked as much as the higher sodium control sample for the respective food 
product (Adams, Maller, & Cardello, 1995). Another study assessed consumer acceptance of 
bologna with varying concentrations of sodium chloride (NaCl), potassium chloride (KCl), and 
magnesium chloride (MgCl2) and ionic strengths and phosphates (PO4) for emulsion stability in 
respect to flavor, texture, and color. High ionic strength NaCl, high ionic strength NaCl and KCl 
combination, and low ionic strength NaCl and PO4 were liked the most for flavor. High ionic 
strength samples had better accepted texture than low ionic strength samples. Majority of high 
ionic strength samples had greater desired coloring than low ionic strength samples. High ionic 
strength NaCl and KCl combination was rated as most bitter, but did not cause the sample to be 
disliked (Seman, Olson, & Mandigo, 1980). A reduced sodium bread study evaluated consumer 
acceptance of yeast bread prepared with full sodium sea salt, 57% reduced sodium sea salt, and 
64% reduced sodium sea salt. Although the full sodium sea salt had greatest overall liking 
scores, the 57% and 64% reduced sodium sea salts did not have significantly different flavor 
likings from each other. None of the salts were significantly different in texture liking (Miller & 
Jeong, 2014).  
Descriptive Analysis 
After identifying consumer liking of products, it is beneficial to identify what exactly 
makes the products different from each other. Through descriptive analysis, sensory attributes 
can be characterized and quantified to allow for product comparisons, new product development, 
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and shelf-life testing. Two popular descriptive analysis methods are Quantitative Descriptive 
Analysis (QDA) and Sensory Spectrum Method (Lawless & Heymann, 1998). 
In QDA, panelists collaborate to generate descriptive attributes that differ between the 
products. After agreeing on these terms, the panel develops attribute definitions and product 
references for each attribute. The panel consists of 10 to 12 members, along with a panel 
facilitator that guides discussion, but does not participate as a panelist. Early panel sessions are 
focused on term, definition and food reference generation. After becoming comfortable with the 
set attributes and methods for evaluating the products and reference foods, products are 
individually rated on a 15-cm continuous line scale for each sensory attribute. Ratio data are 
collected from the line scales, allowing for attribute comparisons to be made between products 
(Stone & Sidel, 1983). 
For the Sensory Spectrum Method, panelists do not create their own product descriptive 
terms. Instead there is a standardized set of terms with certain reference products anchored at 
concrete locations on the scale. The scale is considered a “universal scale” because the same 
rating for different attributes have the same intensity of that attribute and the scale can be used 
across a variety of products. The panel leader is more participatory than in the QDA method and 
acts as an active panelist (Meilgaard, Civille, & Carr, 2000). 
A descriptive panel on sodium reduction in beef burgers profiled sodium reduced burgers 
as having decreased fat and salt flavors, but greater spice aroma when compared to a control 
burger. The 50% reduced sodium burger had greater tenderness, color, and brightness scores 





Correlating Consumer and Descriptive Data of Sodium Reduced Products 
Looking at the data separately, consumer data and descriptive analysis data both give 
great insights to the products tested. They give further insight, however, if the two data sets are 
correlated with each other to identify which intensity of sensory attributes correspond with 
consumer liking or preference. Preference mapping, either internal or external, is one method for 
data visualization. For internal preference mapping, descriptive product profiling is overlaid on 
consumer data, while consumer data is applied to descriptive analysis product profiles for 
external preference mapping (Guinard, 2002). Preference mapping allows consumer liking scores 
to be associated with descriptive analysis attribute ratings to identify “drivers of liking”, or 
sensory characteristics that make the product more palatable for consumers (Moskowitz, 2002). 
Knowing which attributes are most appealing to consumers is beneficial for product 
improvement and new product development.  
Descriptive analysis and consumer testing have been used to characterize a variety of 
reduced sodium foods. Eight low-sodium fish burgers prepared with washed or whole fish and 
different concentrations of salt and MSG were analyzed by 12 panelists and the drivers of liking 
identified were fish shape, salty and umami tastes, and fish, herb, and residual artificial flavor 
(Quadros, Rocha, Ferreira, & Bolini, 2015). Another study on sensory evaluation of smoked 
salmon tested sodium chloride versus potassium chloride as salt sources and injection salting 
versus dry salting. Replacing one third of the sodium chloride with potassium chloride did not 
alter the smoked salmon’s sensory profile or consumer acceptance of the product (Almli & 





Monosodium Glutamate and Disodium Inosinate and Guanylate 
Much research has been conducted to evaluate the sensory influences of MSG and I+G in 
a variety of sodium reduced food products. A study researching sodium reduction in fermented 
sausages found a decrease in sensory acceptability when 50% and 75% of sodium chloride was 
substituted by potassium chloride. When MSG (0.06%), I+G (0.06%), and other potassium 
chloride taste decreasing agents lysine (1.0%) and taurine (0.075%) were used in addition to 50% 
or 75% potassium chloride, the potassium chloride off-flavors were masked and the acceptability 
of the reduced sodium sausages increased (Santos, Campagnol, Morgano, & Pollonio, 2014). 
Another study investigated the effects of MSG (0.062%) and MSG (0.031%) plus glutathione-
xylose (0.027%), a product of Maillard reaction, on sensory perceptions of beef stock prepared 
with sodium chloride (0.4% to 0.65% with 0.05% increase). Using a descriptive panel, the beef 
stock sample containing MSG and glutathione-xylose had greater ratings of beef odor/flavor, 
sulfur odor/flavor, and chestnut odor/flavor. The sample seasoned with MSG had greater 
perceptions of potato odor/flavor and soy sauce odor/flavor than other samples. Panelists found 
the samples flavored with MSG or MSG and glutathione-xylose most acceptable due to salty, 
umami, and sweet tastes which enhanced the spicy and beef flavors of the stock (Hong, Kwon, & 
Kim, 2012). 
The application of these flavor enhancers has gone beyond meat products. A 2009 study 
looked at the effects of replacing a portion of sodium chloride with soy sauce, a product 
containing natural MSG, in an oil based salad dressing and tomato soup. In a 2- alternative-
forced-choice (2-AFC) test, a salad dressing with sodium chloride (2%) had the same intensity as 
a salad dressing made with soy sauce (1% sodium chloride). For the soup, preparation with 
sodium chloride (0.9%) had the same intensity as soup prepared with soy sauce (0.75% sodium 
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chloride) (Kremer, Mojet, & Shimojo, 2009). A different study looked at the addition of MSG 
and I+G to a variety of soups, including mushroom and red beet soup. Panelists liked the 
mushroom soup with I+G (0.015%) more than the soup with no umami ingredient added. When 
MSG (0.1% or 0.3%) was combined with I+G (0.015%) in the mushroom soup, the liking of the 
soup was greater than when only I+G was added. For the beet soup, with a constant 
concentration of MSG (0.1%), increasing levels of I+G (0%, 0.005%, 0.01%, 0.015%) resulted 
in an increase of consumer liking (Baryłko-Pikielna & Kostyra, 2007).  
Conclusion 
Based on the works discussed here, the use of flavor enhancers MSG and I+G shows the 
potential to maintain product palatability while allowing for sodium reduction. Other food 
matrices should be investigated to see the breadth of flavor enhancer application. With potato 
chips, corn chips, and extruded snacks making up about 47% of United States snack sales, it 
seems a logical food sector on which to focus (Government of Canada, 2016). The effects of 
MSG and I+G as topical coatings of potato chips and extruded rice snacks should be pursued. 
There is a lack of flavor enhancer knowledge among consumers, so it would be interesting to see 
the change of product acceptance when labeling products with an ingredient statement, as well as 




Adams, S. O., Maller, O., & Cardello, A. V. (1995). Consumer Acceptance of Foods Lower in 
Sodium. Journal of the American Dietetic Association, 95(4), 447-453. doi:10.1016/s0002-
8223(95)00120-4 
Almli, V. L., & Hersleth, M. (2012). Salt replacement and injection salting in smoked salmon 
evaluated from descriptive and hedonic sensory perspectives. Aquaculture 
International,21(5), 1091-1108. doi:10.1007/s10499-012-9615-4 
American Heart Association. (2018, May 23). How much sodium should I eat per day? Retrieved 
from https://www.heart.org/en/healthy-living/healthy-eating/eat-smart/sodium/how-much-
sodium-should-i-eat-per-day 
Baryłko-Pikielna, N., & Kostyra, E. (2007). Sensory interaction of umami substances with model 
food matrices and its hedonic effect. Food Quality and Preference, 18(5), 751-758. 
doi:10.1016/j.foodqual.2007.01.002 
Carvalho, C. B., Madrona, G. S., Cestari, L. A., Guerrero, A., Souza, N. E., & Prado, I. N. 
(2015). Sensory profile of beef burger with reduced sodium content. Acta Scientiarum. 
Technology, 37(2), 301. doi:10.4025/actascitechnol.v37i2.25224 
Center for Food Safety and Applied Nutrition. (2018). Food Additives & Ingredients - Food 
Additive Status List. Retrieved from 
https://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/ucm091
048.htm 
Cogswell, M. E., Mugavero, K., Bowman, B. A., & Frieden, T. R. (2016). Dietary Sodium and 
Cardiovascular Disease Risk — Measurement Matters. New England Journal of 
Medicine, 375(6), 580-586. doi:10.1056/nejmsb1607161 
17 
 
Coyne, K. J., Baldridge, A. S., Huffman, M. D., Jenner, K., Xavier, D., & Dunford, E. K. (2017). 
Differences in the sodium content of bread products in the USA and UK: Implications for 
policy. Public Health Nutrition, 21(03), 632-636. doi:10.1017/s136898001700324x 
Danaei, G., Ding, E. L., Mozaffarian, D., Taylor, B., Rehm, J., Murray, C. J., & Ezzati, M. 
(2011). Correction: The Preventable Causes of Death in the United States: Comparative Risk 
Assessment of Dietary, Lifestyle, and Metabolic Risk Factors. PLoS Medicine, 8(1). 
doi:10.1371/annotation/0ef47acd-9dcc-4296-a897-872d182cde57 
Emorine, M., Septier, C., Thomas-Danguin, T., & Salles, C. (2013). Heterogeneous salt 
distribution in hot snacks enhances saltiness without loss of acceptability. Food Research 
International,51(2), 641-647. doi:10.1016/j.foodres.2013.01.006 
Ghawi, S. K., Rowland, I., & Methven, L. (2014). Enhancing consumer liking of low salt tomato 
soup over repeated exposure by herb and spice seasonings. Appetite, 81, 20-29. 
doi:10.1016/j.appet.2014.05.029 
The Glutamate Association. (2018). Glutamate in Food. Retrieved March 20, 2018, from 
https://msgfacts.com/glutamate-in-food/ 
Government of Canada. (2016, September 28). Sector Trend Analysis - Snack Foods in the 
United States. Retrieved from http://www.agr.gc.ca/eng/industry-markets-and-
trade/international-agri-food-market-intelligence/united-states-and-mexico/market-
intelligence/sector-trend-analysis-snack-foods-in-the-united-states/?id=1475072818087 
Guinard, J. (2002). Internal and External Preference Mapping: Understanding Market 
Segmentation and Identifying Drivers of Liking. In Chemistry of Taste (Vol. 825, ACS 




Hong, J., Kwon, K., & Kim, K. (2012). Sensory Characteristics and Consumer Acceptability of 
Beef Stock Containing the Glutathione-Xylose Maillard Reaction Product and/or 
Monosodium Glutamate. Journal of Food Science, 77(6). doi:10.1111/j.1750-
3841.2012.02724.x 
Igoe, R. S. (2011). Dictionary of food ingredients. New York: Springer. 
Kremer, S., Mojet, J., & Shimojo, R. (2009). Salt Reduction in Foods Using Naturally Brewed 
Soy Sauce. Journal of Food Science, 74(6). doi:10.1111/j.1750-3841.2009.01232.x 
Lawless, H. T., & Heymann, H. (1998). Sensory evaluation of food: Principles and practices. 
New York: International Thomson Pub. 
MacGregor, G., & de Wardener, H. (2000). Salt, diet and health: Neptunes poisoned chalice: 
The origins of high blood pressure. Cambridge: Cambridge University Press. 
Masset, J. (2014). Soda-lo Salt Microspheres [Pamphlet]. Tate & Lyle. 
Meilgaard, M., Civille, G. V., & Carr, B. T. (2000). Sensory Evaluation Techniques (2nd ed.). 
Boca Raton, FL: CRC Press. 
Miller, R. A., & Jeong, J. (2014). Sodium Reduction in Bread Using Low-Sodium Sea 
Salt. Cereal Chemistry Journal, 91(1), 41-44. doi:10.1094/cchem-05-13-0089-r 
Mintel Group Ltd. (2012, August 31). Low/No/Reduced Sodium NPD claims decline despite salt 
concerns. Retrieved from http://www.mintel.com/press-centre/social-and-
lifestyle/lownoreduced-sodium-npd-claims-decline-despite-salt-concerns 
Morselli, P. L., & Garattini, S. (1970). Monosodium Glutamate and the Chinese Restaurant 
Syndrome. Nature, 227(5258), 611-612. doi:10.1038/227611a0 
19 
 
Moskowitz, H. R. (2002). Chapter 17: Sensory Drivers of Liking and Sensory Preference 
Segmentation. In Chemistry of Taste (Vol. 823, ACS Symposium Series, pp. 214-226). 
American Chemical Society. 
Nakamura, M., & Kurihara, K. (1991). Canine taste nerve responses to monosodium glutamate 
and disodium guanylate: Differentiation between umami and salt components with 
amiloride. Brain Research, 541 (1), 21-28. doi:10.1016/0006-8993(91)91069-d 
Prawirohardjono, W., Dwiprahasto, I., Astuti, I., Hadiwandowo, S., Kristin, E., Muhammad, M., 
& Kelly, M. F. (2000). The Administration to Indonesians of Monosodium L-Glutamate in 
Indonesian Foods: An Assessment of Adverse Reactions in a Randomized Double-Blind, 
Crossover, Placebo-Controlled Study. The Journal of Nutrition, 130(4). 
doi:10.1093/jn/130.4.1074s 
Quadros, D. A., Rocha, I. F., Ferreira, S. M., & Bolini, H. M. (2015). Low-sodium fish burgers: 
Sensory profile and drivers of liking. LWT - Food Science and Technology, 63(1), 236-242. 
doi:10.1016/j.lwt.2015.03.083 
Rama, R., Chiu, N., Silva, M. C., Hewson, L., Hort, J., & Fisk, I. D. (2013). Impact of Salt 
Crystal Size on in-Mouth Delivery of Sodium and Saltiness Perception from Snack 
Foods. Journal of Texture Studies, 44(5), 338-345. doi:10.1111/jtxs.12017 
Renes, H., Winkel, C., De Lamarliere, C., Konig, T., Van Ommeren, E., & Tondeur, S. 
(2014). U.S. Patent No. US 8,778,437 B2 Taste improving substances. Washington, DC: U.S. 
Patent and Trademark Office. 
Rong, M., He, W., Yasumatsu, K., Kokrashvili, Z., Perez, C., Mosinger, B., . . . Damak, S. 
(2005). Signal Transduction of Umami Taste: Insights from Knockout Mice. Chemical 
Senses,30 (Supplement 1), I33-I34. doi:10.1093/chemse/bjh099 
20 
 
Ryberg P. (2008). U.S. Patent No. WO08024050 A salt mixture with low sodium content for 
human consumption. Washington, DC: U.S. Patent and Trademark Office.   
Salemme, F. R., Bakal, A. I., & Barndt, R. (2007). U.S. Patent No. WO/2007/002015 
Compositions and methods for producing flavored seasonings that contain reduced quantities 
of common salt. Washington, DC: U.S. Patent and Trademark Office. 
Santos, B. A., Campagnol, P. C., Morgano, M. A., & Pollonio, M. A. (2014). Monosodium 
glutamate, disodium inosinate, disodium guanylate, lysine and taurine improve the sensory 
quality of fermented cooked sausages with 50% and 75% replacement of NaCl with 
KCl. Meat Science,96(1), 509-513. doi:10.1016/j.meatsci.2013.08.024 
Scott-Thomas, C. (2011, July 13). Campbell's to add back sodium to combat soup sales slump. 
Retrieved from https://www.foodnavigator-usa.com/Article/2011/07/13/Campbell-s-to-add-
back-sodium-to-combat-soup-sales-slump 
Seman, D. L., Olson, D. G., & Mandigo, R. W. (1980). Effect Of Reduction And Partial 
Replacement Of Sodium On Bologna Characteristics And Acceptability. Journal of Food 
Science, 45(5), 1116-1121. doi:10.1111/j.1365-2621.1980.tb06500.x 
Shim, S., Seo, S. H., Lee, Y., Moon, G., Kim, M., & Park, J. (2011). Consumers’ knowledge and 
safety perceptions of food additives: Evaluation on the effectiveness of transmitting 
information on preservatives [Abstract]. Food Control,22(7), 1054-1060. 
doi:10.1016/j.foodcont.2011.01.001 
Sinopoli, D. A., & Lawless, H. T. (2012). Taste Properties of Potassium Chloride Alone and in 




Tanphaichitr, V., Srianujata, S., Pothisiri, P., Sammasut, R., & Kukapongse, S. (1983). 
Postprandial responses to Thai foods with and without added monosodium L-glutamate. Nutr 
Rep Int, 28:783-792. 
U.S. Department of Agriculture, Agricultural Research Service. 2012. Sodium (mg): Usual 




Villazon, L. (2019). Why does salt enhance flavour? Retrieved from 
https://www.sciencefocus.com/science/why-does-salt-enhance-flavour/ 
Wang, S., & Adhikari, K. (2018). Consumer perceptions and other influencing factors about 
monosodium glutamate in the United States. Journal of Sensory Studies, 33(4). 
doi:10.1111/joss.12437 
Yacoubou, J. (2011, March 21). Disodium Inosinate and Disodium Guanylate are All-Vegetable 





CHAPTER 3: CONSUMER ACCEPTANCE OF REDUCED SODIUM POTATO CHIPS 
AND PUFFED RICE 
3.1 Abstract  
Approximately 90% of Americans consume more than the 2,300 mg of sodium 
recommended daily; therefore, the Food and Drug Administration (FDA) has recommended 
short-term and long-term sodium reduction goals in food products. Reduced sodium products 
have not been accepted by consumers in the past, so flavor enhancers may increase the 
palatability of these products. The objective of this research was to compare the acceptability of 
FDA-recommended short- and long-term sodium reduction goals for potato chips (18% and 51% 
reduction) and puffed rice (20% and 57% reduction) seasoned with and without monosodium 
glutamate (MSG) and disodium inosinate and guanylate (I+G) combinations across three 
conditions: blind tasting, with ingredient information, and ingredient information with 
educational phrase of the need for sodium reduction and safety of flavor enhancers. Data were 
collected for 164 panelists, 83 for potato chips, 81 for puffed rice. A significant difference was 
seen across the samples with different levels of sodium and flavor enhancers for potato chips (p 
< 0.01) and puffed rice (p < 0.001). For potato chips, ingredient information increased the 
acceptance of samples with flavor enhancers. Education increased the liking of the samples with 
short- and long-term sodium reduction and samples that combined only salt and MSG. For 
puffed rice samples, ingredient information increased acceptance except the long-term reduced 
sodium samples with MSG and I+G. Education increased the liking of all samples with MSG 
and I+G. This study demonstrated using flavor enhancers with consumer education to increase 
the acceptance of reduced sodium products. Future research on specific sensory differences 
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across samples that influence acceptability will be valuable for industrial application of the 
findings. 
Keywords: sodium reduction, flavor enhancers, consumer test 
Practical Application: The findings of our study suggest the overall liking of reduced sodium 
potato chip and puffed rice samples could be improved with the addition of flavor enhancers, and 
increased or maintained reduced sodium product liking when paired with ingredient labeling and 
sodium reduction education. The acceptance of reduced sodium products would lead to the 
decreased risk of hypertension, heart attacks, and strokes for Americans.  
 
3.2 Introduction  
Ninety percent of Americans, two years old or older, consume more sodium than the 
tolerable upper intake level of 2,300 mg per day (Cogswell et al., 2012). The average sodium 
intake is greater than 3,400 mg sodium per day, while the adequate intake is 1,500 mg per day 
(U.S. Department of Agriculture, 2017). Consuming too much sodium has detriments to the 
body, including risk of hypertension, heart disease, and stroke (Cogswell, Mugavero, Bowman, 
& Frieden, 2016). It was estimated 97,000 – 107,000 American deaths in 2005 were due to 
overconsumption of sodium (Danaei et al., 2011).  
About 77% of sodium consumed comes from processed and prepared food (Havas, 
Dickinson, & Wilson, 2007). In 2016, the Food and Drug Administration (FDA) drafted 
voluntary sodium reduction goals for commercially processed, packaged, and prepared food. The 
document categorizes food products, lists the food product’s average sodium content based on 
2010 data, and assigns a 2 year short-term sodium reduction goal, as well as a 10 year long-term 
sodium reduction goal (Food and Drug Administration, 2016).  
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Potato chips, corn chips, and extruded snack products comprise almost 47% of snack 
sales in the United States and are an area for possible sodium reduction (Government of Canada, 
2016). The FDA document set a 2 year goal for flavored potato chips of 18% sodium reduction 
and a 10 year goal of 51%. For flavored puffed rice, the 2 year goal is 20% sodium reduction and 
the 10 year goal is 57% reduction (Food and Drug Administration, 2016). With over 50% 
sodium reduction in the long-term goals for these products, it is critical to maintain consumer 
acceptance of reduced sodium products. 
The FDA has generally recognized as safe (GRAS) and regulated flavor enhancers that 
are aimed to improve the palatability of reduced sodium products by contributing a savory taste. 
Monosodium glutamate (MSG) is the salt form of glutamic acid and naturally found in parmesan 
cheese, tomatoes, and even breast milk (The Glutamate Association, 2018). Monosodium 
glutamate can enhance the umami taste of foods (Walker & Lupien, 2000). Some consumers may 
complain of “Chinese restaurant syndrome” with symptoms of skin flushing, sweating, and 
headache, but no scientific data have linked MSG with these side effects (Walker & Lupien, 
2000). Monosodium glutamate has successfully reduced sodium in several reduced sodium food 
matrices. In spicy soups, 32.5% sodium reduction was possible while maintaining liking by 
adding 0.7% MSG (Jinap et al., 2016). Disodium inosinate and disodium guanylate (I+G) are 
nucleotide flavor enhancers able to be used in conjunction with MSG. Naturally found in 
mushrooms, I+G can further enhance the umami taste (Yacoubou, 2011). Monosodium 
glutamate, in concentrations of 0.1% to 0.5%, has been shown to increase consumer acceptability 
and have even greater acceptance if used with I+G in chicken noodle soup (Miyaki, Retiveau-
Krogmann, Byrnes, & Takehana, 2015). One study was able to reduce sodium to about half in 
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sausage and maintain consumer acceptance with the addition of I+G (Campagnol, Santos, Terra, 
& Pollonio, 2012).  
A study surveying consumer awareness of food additive safety found greater than two 
thirds of the participants felt insufficiently informed about food additives. They rationalized the 
feeling stemmed from unfamiliar and difficult terminology, as well as the lack of education on 
the topic. The same study investigated the effects of consumer education on food additive 
perception. Educational leaflets and posters increased overall knowledge scores by over 20% and 
safety perception scores increased by 60% after education (Shim et al., 2011).  
There is a lack of research on the acceptance of reduced sodium potato chips and puffed 
rice in line with the FDA sodium reduction goals, as well as a lack of data on the acceptance of 
these products with the addition of flavor enhancers. There is insufficient information about the 
influence of sodium reduction labeling and sodium reduction awareness on consumer acceptance 
of reduced sodium products. The objective of this study was to investigate consumer acceptance 
of seven samples of potato chips and seven samples of puffed rice with varied levels of sodium 
and flavor enhancers under blind, ingredient informed, and ingredient informed with education 
conditions. It was hypothesized that the addition of flavor enhancers would increase the 
acceptability of the reduced sodium samples when tested under blind tasting conditions. It was 
also hypothesized that being aware of sample ingredient information would decrease the 
acceptance of the samples with flavor enhancers; however, after being educated on the need for 
sodium reduction and the safety of flavor enhancers, the acceptance of reduced sodium samples 





3.3 Materials and Methods 
Panelists 
The panelists for this study were primarily recruited by e-mail, Internet posts, and flyers. 
They were mainly university students, faculty, staff, and members of the Urbana-Champaign 
community. The requirements for participation in the test included being 18 years of age or 
older, being a frequent (1-3 times per month) consumer of potato chips or a frequent consumer of 
pretzels, salted nuts and seeds, popcorn, rice puffs, corn puffs, crackers, or other salty snacks, 
having no known food allergies or diet restrictions, not being pregnant or nursing, and only 
participating in either the potato chip study or the rice puff study (see Appendix A for screening 
questionnaire). In total, 164 panelists were recruited in this study, with 83 panelists for the potato 
chip study and 81 panelists for the puffed rice study. Each panelist received a $10 compensation 
for their participation in the study, and experimental protocol was reviewed and approved by the 
Institutional Review Board (see Appendix B for consent form).  
Samples 
For the potato chip samples, no salt added potato chips (Utz Quality Foods, Inc., 
Hanover, PA, U.S.A.) were the base of the sample. Barbeque (BBQ) type flavor powder (Bell 
Flavors and Fragrances, Inc., Northbrook, IL, U.S.A.) was the flavor seasoning used for all 
potato chip samples, as was micro powder salt flour containing 99.85% sodium chloride (The 
Great American Spice Co., Fort Wayne, IN, U.S.A.). For samples containing flavor enhancers, 
chip samples were seasoned with MSG fine crystals (Ajinomoto North America, Inc., Itasca, IL, 
U.S.A.) and I+G (Ajinomoto North America, Inc., Itasca, IL U.S.A.). Table 3.1 lists percentages 
of each ingredient in the samples, while Table 3.2 identifies the amount of sodium coming from 
each ingredient for a 28 gram sample, a common serving size for potato chips.  
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For the puffed rice samples, brown rice (Wal-Mart Store, Inc., Bentonville, AR, U.S.A.) 
was the base of the sample. Smoked Paprika, Garlic, Chili and Chives Spice Blend (Dangold, 
Inc., Flushing, NY, U.S.A.) was the flavoring used for all puffed rice samples, as was micro 
powder salt flour containing 99.85% sodium chloride (The Great American Spice Co., Fort 
Wayne, IN, U.S.A.). Soybean vegetable oil (Wal-Mart Stores, Inc., Bentonville, AR, U.S.A.) 
was used to adhere the seasonings to the puffed rice. For samples containing flavor enhancers, 
puffed rice samples were seasoned with MSG fine crystals (Ajinomoto North America, Inc., 
Itasca, IL, U.S.A.) and I+G (Ajinomoto North America, Inc., Itasca, IL U.S.A.). Table 3.3 lists 
percentages of each ingredient in the samples, while Table 3.4 identifies the amount of sodium 
coming from each ingredient for a 28 gram sample, a common serving size for salty snacks.  
Sample Production 
Potato chips, in 540 gram batches, were heated in a kitchen-grade oven for 30 minutes at 
93 ̊C. Batches were created in triplicate for each sample. After heating, the chips were transferred 
to a plastic bag where the BBQ type flavoring, powder salt, and flavor enhancers were applied 
and the bag tossed to distribute the seasoning. This protocol has been used in previous research 
design to optimize flavoring adsorption on the surface of the chips (Christina, 2015).  
For the puffed rice, brown rice was extruded by a single screw Welly Puffing Machine 
standard model (DP Korea, Bucheon-si, Gyeonggi-do, Korea) with a screw dimension of 118.9 
mm in length and 33.6 mm in diameter. The barrel diameter was 41.2 mm and die diameter was 
3.0 mm. During extrusion, the screw speed was 120 rpm, the rice feed rate was 63 g/minute, and 
the rotating cutter blade was at 112 rpm. In a Krispy Model #55 Coating Tumbler (Krispy Kist 
Korn Machine Company, Chicago, IL, U.S.A.), 1.7 kilograms of puffed rice were tumbled with 
625 grams soybean vegetable oil for 30 seconds at a speed of 24 rpm for each sample. Spice 
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blend, salt, and flavor enhancers were applied and the mixture tumbled for one minute at a speed 
of 48 rpm. All samples were coded with randomized 3-digit numerical codes to avoid bias for 
sensory evaluation.  
Sample Sodium Content Validation 
Atomic emission spectroscopy (AES) is one atomic spectroscopy method to quantify 
mineral elements. During AES, the sample is heated with plasma to excite the electrons to higher 
energy levels. When the electrons return to lower energy states, they produce an emission which 
has a characteristic wavelength. Elements have their own energy level wavelength corresponding 
with their specific electrons, so quantification of the concentration of an element is possible 
(Nielsen, 2017). By analyzing the potato chip and puffed rice samples for sodium content, 
adherence to the FDA sodium reduction guidelines can be validated.  
Seasoned potato chip and puffed rice samples were ground into a flour using a coffee 
bean mill (Black & Decker (U.S.) Inc., Shelton, CT, U.S.A.). Next, 300 mg of sample were 
weighed in individual 50 mL centrifuge tubes. Inside a fume hood, 2 mL of 69% nitric acid 
(Fisher Scientific, Fair Lawn, NJ, U.S.A) and 0.5 mL of 30% hydrogen peroxide ULTREX™ II 
Ultrapure Reagent (Avantor Performance Materials, LLC., Center Valley, PA, U.S.A) were 
added. Tubes were capped and vortexed for 10 seconds. Afterwards, under a fume hood, caps 
were partially unscrewed to release gas. Tubes rested 15 hours in the fume hood. 
After 15 hours, the samples were tightly capped and vortexed for 10 seconds, then placed 
in a VWR Standard Heatblock (VWR, Radnor, PA, U.S.A) for 40 minutes at 80 ̊C. The tubes 
were opened, under the fume hood, to release gas, and recapped. Samples were heated for two 
hours at 125 ̊C. They were removed from the heatblock and set in ice until their temperature was 
18 – 20 ̊C. Next, 22 mL of Barnstead water (Fisher Scientific, Fair Lawn, NJ, U.S.A). was added 
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and tubes vortexed for five seconds for homogenization. Samples were filtered into 15 mL tubes 
using 5 mL syringes (Fisher Scientific, Fair Lawn, NJ, U.S.A) and 0-45/15 MS filters 
(Macherey-Nagel GmbH & Co. KG, Düren, D.E.). Samples were diluted 1:30 for injection into a 
4100 MP-AES with SPS 3 sampler (Agilent Technologies, Santa Clara, CA, U.S.A.). Sodium 
analysis using AES followed AOAC Official Method 984.27 (Official Methods of Analysis of 
AOAC International, 2012). The following materials were used during analysis: ICP-OES 
Wavelength Calibration Solution: 50 mg/L Al, As, Ba, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Se, Sr, 
Zn, and 500 mg/L K in 5% HNO3 (Agilent Technologies, Santa Clara, CA, U.S.A.) and Sodium 
Standard for ICP (Sigma-Aldrich, St. Louis, MO, U.S.A.). 
For potato chips, three processing replications were done for each of the seven samples 
and two sampling replications taken from each processing replication. For puffed rice, one 
processing event occurred for each of the seven samples and two sampling replications were 
taken from each puffed rice sample. Three instrumental sodium intensity replications were 
performed by the atomic emission spectrometer for each sampling replication.   
Consumer Test Protocol 
Consumer testing took place in a restaurant-style room on the University of Illinois at 
Urbana-Champaign campus (Bevier Hall Spice Box) under incandescent lighting. Sample order 
was randomized, and the panelists responded either on a cell phone or tablet using an electronic 
ballot designed using Qualtrics (Qualtrics, Provo, UT & Seattle, WA, U.S.A.). The ballots were 
coded to be anonymous and were treated with confidentiality by the investigators of the study. 
Panelists evaluated all seven samples for overall acceptance on a 9-point hedonic scale 
(Lawless and Heymann, 1999), anchored with 1 = “dislike extremely”, 5 = “neither like nor 
dislike”, and 9 = “like extremely”. After overall acceptance, panelists rated each sample on a 9-
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point hedonic scale for flavor liking and saltiness liking, and answered open-ended questions that 
included what they liked about the sample, what they disliked about the sample, and changes 
they would make to the sample. Other questions regarding demographics and questions 
pertaining to the sodium in their diet were asked at the end (see Appendix C for demographic 
questionnaire).  
Each panelist was served the samples over a span of two days under three different 
experimental conditions. On the first day, panelists tried the samples under blind conditions, 
without any sample information. They received five grams of each of the seven coded samples 
served in 163-mL cups, a 473-mL Styrofoam expectorating cup with lid, a 237-mL Styrofoam 
water cup with warm water (40  ̊C) according to the rinse protocol which was followed by room 
temperature water served in a 207-mL paper cup, a pen, napkin, and either a phone or tablet to 
gather the testing information. Panelists tasted the samples and indicated their liking on a 9-point 
hedonic scale with anchors at the ends and midpoint. Panelists had a five minute break to fully 
cleanse their palate before receiving the next samples.  
In the second condition, informed condition, panelists were given information about the 
sodium level and flavor enhancer addition in each of the samples prior to tasting (see Appendix 
D for sample questionnaire). Panelists then indicated their liking of the samples on a 9-point 
hedonic scale with anchored ends and midpoint. 
For the third condition, informed with education, panelists were asked to read an 
educational piece prior to tasting any of the seven samples with ingredient information labeled. 
The educational piece stated the following in quotation marks: 
"The American Heart Association recommends 1500 mg sodium/day, but 99% of American 
adults consume levels greater than this recommendation (Cogswell et al., 2012). Extreme sodium 
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intake may lead to hypertension, heart diseases, diabetes, stroke, and kidney diseases ((Havas, 
Dickinson, & Wilson, 2007; Doyle & Glass, 2010).    
The United States Food and Drug Administration has recently suggested voluntary sodium 
reductions for packaged, processed, and prepared food. They have set two year and ten year 
goals for products including flavored potato chips and rice puffs. The ten year goal reduces 
sodium content to less than half of the current sodium value. The reduction in sodium may cause 
foods, such as snack foods, to seem less palatable to consumers. Strategies, like the use of flavor 
enhancers, may address the sodium reduction goals, while still producing desirable products.  
The flavor enhancers monosodium glutamate (MSG), disodium inosinate, and disodium 
guanylate are recognized as safe for consumption for the general population by the United States 
Food and Drug Administration (Walker & Lupien, 2000; Code of Federal Regulations Title 21). 
These compounds have been shown to improve the palatability of reduced sodium products 
(Roininen, Lähteenmäki & Tuorilla, 1996). Monosodium glutamate is the sodium salt of 
glutamic acid, an amino acid, and is naturally present in our bodies. Glutamic acid is naturally 
present in a variety of foods, including cheese and tomatoes (Center for Food Safety and Applied 
Nutrition, 2018), while disodium inosinate and disodium guanylate are naturally present in 
mushrooms (Yacoubou, 2011). The addition of these flavor enhancers has been shown to make 
foods more flavorful and savory. In a particular study, sensory panelists were overall more 
satisfied with the flavor enhanced samples and had increased positive emotions when compared 
to the consumption of a control sample (Miyaki, Retiveau-Krogmann, Byrnes, & Takehana, 
2015). Disodium inosinate and disodium guanylate have proven to enhance the savory taste of 
foods when used in conjunction with monosodium glutamate (Masic & Yeomans, 2014)."    
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The samples were clearly labeled with percent reduced sodium and the inclusion of MSG 
and/or I+G. Panelists then indicated their liking of the samples on a 9-point hedonic scale with 
anchors at the ends and midpoint.  
Before tasting each sample, the panelists were instructed to rinse their mouths with warm 
water and room temperature water. The rinse protocol was developed according to preliminary 
testing which found these rinses to adequately remove tastes of previous samples. The panelists 
were instructed to expectorate the samples after evaluation, as well as expectorate the rinses.  
Statistical analysis  
Data were analyzed using XL-STAT 2018.3 (Addinsoft, New York, N.Y., U.S.A.). The 
comparison of results among samples and conditions was analyzed using Analysis of Variance 
(ANOVA). Three-way ANOVA was done across all conditions with panelist, condition, sample, 
panelist*condition interaction, and condition*sample interaction as factors. All factors were 
fixed, except for panelist and panelist*condition interaction which were random factors. The 
significance level was set at 0.05. The mean separation test was conducted using Fisher’s Least 
Significant Difference (LSD) with a 95% confidence interval. For agglomerative cluster analysis, 
panelists were grouped according to their overall liking scores based on sample and condition.  
 
3.4 Results and Discussion  
Overall liking F-values across all conditions for potato chips and puffed rice are shown in 
Table 3.5, while individual condition results are shown in Table 3.6. There was a significant 
effect of salt content and flavor enhancer addition, as demonstrated in the blind condition, where 
potato chip samples were significantly different from one another (p < 0.05). Flavor-enhanced 
potato chip samples were rated equivalently or greater than the full sodium sample. Of all 
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samples, RSLT MSG and RSST MSG + I+G were rated the highest. This finding suggests the 
palatability of reduced sodium potato chips increases or remains constant with the addition of 
flavor enhancers during blind tasting. The two most highly rated samples were significantly 
different from the full sodium sample showing flavor-enhanced samples do have a different taste 
profile in comparison to only a high amount of salt seasoning in the full sodium sample. For 
puffed rice in the blind condition, there were also significant differences in liking across the 
samples (p < 0.001). The four flavor-enhanced samples were rated higher than the samples that 
did not contain flavor enhancers. Of all seven samples, RSST MSG + I+G and RSLT MSG + 
I+G were rated the highest, but did not significantly differ from RSST MSG and RSLT MSG. 
This suggests the addition of umami flavor elevates the liking of the reduced sodium samples 
compared to the samples only seasoned with salt. The flavor-enhanced samples were 
significantly different in terms of liking from the full sodium sample, again showing the full 
sodium sample may have a different flavor profile than the flavor-enhanced samples.  
In the informed condition, potato chips samples were not significantly different (p = 
0.13). The addition of ingredient information to the flavor-enhanced samples did not decrease 
consumer acceptance contrary to our hypothesis. We hypothesized the decrease in liking for 
flavor-enhanced samples when the ingredients were revealed because the salt-only sample may 
be liked due to consumers’ interest in clean label products (Gore-Langton, 2016). Comparing the 
seven puffed rice samples in the informed condition, the samples were significantly different 
from one another (p < 0.001). On average, RSST MSG + I+G was rated the highest by 
consumers, with RSST MSG liked the second most. Labeling the samples with ingredient 
information did not negatively affect the acceptance of the flavor-enhanced samples as with the 
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potato chip samples. Reduced sodium samples are often not palatable to consumers which may 
explain the lower rating of the RSLT puffed rice sample. 
Potato chip samples in the informed with education condition had significant differences 
in liking (p < 0.001). On average, RSST MSG was rated the highest sample, with RSST and 
RSLT MSG tying for second most accepted sample. The educational reading brings awareness to 
the health implications associated with too much sodium consumption which may explain why 
reduced sodium samples were rated most highly. Possibly due to consumers’ unfamiliarity with 
I+G, RSLT MSG + I+G was rated the lowest during this condition (Shim et al., 2011). For 
puffed rice, samples were significantly different from one another in the informed with education 
condition (p < 0.001). Sample information and education caused the RSST MSG + I+G sample 
to be rated most highly, while the full sodium sample and RSLT were least accepted. The 
educational piece addresses the safety of MSG and I+G, so this may be a reason why a flavor-
enhanced sample was rated the highest if consumers also liked the taste of the sample. 
When comparing potato chip samples across the three conditions, RSST, RSST MSG, 
RSLT MSG, and RSLT MSG + I+G were all samples that were significantly different across the 
three conditions (Table 3.7). The informed condition ratings were significantly different from the 
ratings of the informed with education condition. There was no consistent trend in the change of 
liking, however, with majority of the significantly different samples resulting in an increase in 
liking after the informed with education condition from informed condition ratings. Three of the 
four flavor-enhanced samples had significant differences across the conditions which showed 
ingredient information and consumer education does have an influence on consumer acceptance 
of these samples. When comparing puffed rice samples, RSST MSG + I+G and RSLT MSG + 
I+G were significantly different across the three conditions (Table 3.7). Consumers may not be 
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familiar with I+G which may be a reason for the difference in acceptance across the conditions. 
Education either increased or maintained acceptance ratings compared to the informed condition.   
Potato chip panelists were clustered according to their overall liking ratings across 
conditions shown in Figure 3.1. In the blind condition, panelists who rated all samples highly 
(cluster 1), panelists who liked salt (cluster 2), and panelists who liked reduced salt (cluster 3) 
clusters emerged. The number of panelists in each cluster were evenly distributed in this 
condition. In the ingredient information condition, three clusters appeared: panelists who liked 
reduced sodium (cluster 1), panelists who liked salt (cluster 2), panelists who liked salt and 
umami tastes (cluster 3). After revealing ingredient information, the number of panelists liking 
the reduced sodium samples increased and the cluster liking flavor-enhanced samples decreased 
in size. In the informed with education condition, panelists who liked salt (cluster 1), panelists 
who liked umami (cluster 2), and panelists who rated all samples highly (cluster 3) clusters 
formed. From blind to informed with education condition, the cluster of panelists who preferred 
salt increased which may be due to consumers’ interest in a clean ingredient label (Gore-
Langton, 2016). After reading the educational phrase, the number of panelists who liked higher 
umami samples, those seasoned with flavor enhancers, doubled in number from the informed 
condition cluster indicating the acceptance of MSG and I+G is greater with consumer education.  
Puffed rice panelists were clustered according to their overall liking rating across 
conditions shown in Figure 3.2. In the blind condition, three clusters were identified: panelists 
who rated all samples highly (cluster 1), panelists who liked reduced salt and umami tastes 
(cluster 2), panelists who liked salt (cluster 3). Over half of the panelists rated all samples highly 
which may be due to the lack of taste expectations for the puffed rice since it is not a common 
product on the market. In the ingredient information condition, the clusters were panelists who 
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rated all samples highly (cluster 1), panelists who liked reduced salt and umami tastes (cluster 2), 
and panelists who liked salt (cluster 3). The number of panelists who rated all samples highly 
maintained its cluster size suggesting these consumers are not influenced by food labels and 
generally like all the samples highly since puffed rice is a novelty product. A 2013 study on 
sodium consumption of consumers with type 2 diabetes also found no significant difference in 
sodium intake after an informational session instructing how to use nutrition labels (Petersen et 
al., 2013). The cluster of panelists who preferred reduced sodium samples increased in number 
after knowing ingredient information. The salt preferring cluster decreased in size after revealing 
ingredient information suggesting consumers may switch to products with less sodium if they are 
aware of the sodium content of the product. An Australian study found a 20% decrease in 
sodium intake when study participants were advised to choose products marked with a national 
health organization’s symbol indicating a healthy sodium choice or consult the nutrition fact 
panel to identify a low salt product (Ireland, Clifton, & Keogh, 2010). In the informed with 
education condition, three clusters also emerged: panelists who rated all samples highly (cluster 
1), panelists who liked umami more than salt (cluster 2), and panelists who liked reduced salt and 
umami tastes (cluster 3). The cluster of panelists who rated all samples highly decreased in 
number from informed to informed with education condition showing education influenced the 
samples' acceptance for these panelists. The cluster of panelists who liked reduced salt and 
umami tastes were of similar size in the blind and informed with education conditions, despite an 
increase in cluster size in the informed condition. The decrease in cluster size in the informed 
with education condition may be due to panelists’ liking patterns better aligning with the cluster 
of panelists who rated all samples highly or the cluster who liked umami tastes more than salt.  
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For the potato chip samples, there was no difference in the specific liking of flavor (Table 
3.8) in the blind (p = 0.83) condition or salt (Table 3.9) in the blind (p = 0.55), informed (p = 
0.20), and informed with education (p = 0.10) conditions. There were significant differences in 
flavor in the informed condition (p = 0.01) and informed with education condition (p < 0.0001). 
In the informed condition, RSST MSG + I+G and RSLT MSG + I+G were rated the highest, 
while RSST MSG, RSST, RSLT MSG, and full sodium were liked the most in the informed with 
education condition. For puffed rice, there was a significant difference in flavor liking (p < 
0.0001) and salt liking (p < 0.0001) across the samples during the blind, informed, and informed 
with education conditions. The pattern of liking for flavor and salt were the same indicating an 
association between flavor and saltiness liking.  
Sample Sodium Content Validation 
For potato chips, there were no significant differences found across processing 
replications, between sampling replications, and across AES instrumental replications. For 
puffed rice, there were no significant differences found between sampling replications and across 
AES instrumental replications. As can be seen in Table 3.10, sodium was lost during sample 
preparation. The potato chip method had a better sodium retention by the finished product, while 
the puffed rice had more sodium lost due to the seasoning sticking to the inside of the tumbler. 
The samples panelists tried during consumer testing had a lower sodium content than the 
flavored potato chip and flavored puffed rice short-term and long-term goals set by the FDA. 
Although the samples do not match the sodium reduction goals exactly, it showed that sample 
acceptance is possible with even further sodium reduction (see Appendix E for raw atomic 





Knowing flavor enhancers increased the palatability of reduced sodium potato chips and 
puffed rice proves flavor enhancers as a viable option for companies producing reduced sodium 
snack products. Understanding the variability in consumer product label interaction is imperative 
for label design and product sales. Consumer education of novel and unfamiliar ingredients could 
determine the success of a product, making it a powerful tool for companies to implement. The 
combination of flavor-enhanced reduced sodium snack products with consumer education is 
valuable in improving consumer health and bringing awareness to safe ingredients used in the 
food industry. A limitation of this study was that the samples were labeled as containing MSG or 
I+G while there are other names for these ingredients on food labels that consumers may be more 
or less familiar with which may influence acceptance. Another limitation of this study was the 
lack of characterizing why one sample was preferred over others. Future research could identify 
whether the acceptance of certain samples, especially the flavor-enhanced samples, is due to 
specific tastes and flavors. Descriptive analysis would further characterize the differences across 
samples and enable identification of drivers of liking. 
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3.6 Tables and Figures 
Table 3.1-Percentage of ingredients in each potato chip sample.  
   Ingredient (%) w/w 
Sample name 
Sample 
abbreviation Potato chip NaCl BBQ MSG I+G 
Full sodium Full sodium 97.53 1.87 0.60 - - 
Reduced sodium short-term (2-
year goal) RSST 97.90 1.50 0.60 
- - 
Reduced sodium long-term (10-
year goal) RSLT 98.54 0.86 0.60 
- - 
Reduced sodium short-term 
with MSG RSST MSG  97.76 1.44 0.60 0.20 
- 
Reduced sodium long-term with 
MSG RSLT MSG 98.40 0.80 0.60 0.20 
- 
Reduced sodium short-term 
with MSG and I+G 
RSST MSG + 
I+G 97.76 1.43 0.60 0.20 0.01 
Reduced sodium long-term with 
MSG and I+G 
RSLT MSG + 
I+G 98.39 0.80 0.60 0.20 0.01 
MSG = monosodium glutamate, I+G = disodium inosinate and guanylate, NaCl = sodium 
chloride, BBQ = barbeque type flavor powder
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Short-term totals are equivalent to the FDA’s 2 year sodium reduction goal for flavored potato 
chips, while the long-term totals are equivalent to the FDA’s 10 year sodium reduction goal. 
NaCl = sodium chloride, BBQ = barbeque type flavor powder, MSG = monosodium glutamate, 
I+G = disodium inosinate and guanylate. The description of the sample codes is in Table 3.1. 
  
Intended Ingredient Sodium 
Contribution (g)/serving   
Sample 
Potato 
chip NaCl BBQ MSG I+G Total (g) 
Full sodium 0.005 0.205 0.011 - - 0.221 
RSST 0.005 0.165 0.011 - - 0.181 
RSLT 0.005 0.095 0.011 - - 0.111 
RSST MSG  0.005 0.158 0.011 0.007 - 0.181 
RSLT MSG 0.005 0.088 0.011 0.007 - 0.111 
RSST MSG + I+G 0.005 0.158 0.011 0.007 0.0002 0.181 
RSLT MSG + I+G 0.005 0.088 0.011 0.007 0.0002 0.111 
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Table 3.3-Percentage of ingredients in each puffed rice sample.  





rice Oil NaCl 
Spice 
blend MSG I+G 
Full sodium Full sodium 68.11 25.00 2.39 4.50 - - 
Reduced sodium 
short-term (2-year 








MSG RSST MSG 68.46 25.00 1.84 4.50 0.20 
- 
Reduced sodium 




MSG and I+G 
RSST MSG + 
I+G 68.45 25.00 1.84 4.50 0.20 0.01 
Reduced sodium 
long-term with MSG 
and I+G 
RSLT MSG + 
I+G 69.34 25.00 0.95 4.50 0.20 0.01 
MSG = monosodium glutamate, I+G = disodium inosinate and guanylate, NaCl = sodium 
chloride, MSG = monosodium glutamate, I+G = disodium inosinate and guanylate 
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Table 3.4-List of sodium sources and intended amounts for a 28 gram puffed rice sample 
serving.  
  
Intended Ingredient Sodium Contribution 
(g)/serving   
Sample NaCl MSG I+G Total (g) 
Full sodium  0.263 - - 0.263 
RSST 0.210 - - 0.210 
RSLT 0.112 - - 0.112 
RSST MSG  0.203 0.007 - 0.210 
RSLT MSG 0.105 0.007 - 0.112 
RSST MSG + I+G 0.203 0.007 0.0002 0.210 
RSLT MSG + I+G 0.105 0.007 0.0002 0.112 
Short-term totals are equivalent to the FDA’s 2 year sodium reduction goal for flavored puffed 
rice, while the long-term totals are equivalent to the FDA’s 10 year sodium reduction goal. NaCl 
= sodium chloride, MSG = monosodium glutamate, I+G = disodium inosinate and guanylate. 
The description of the sample codes is in Table 3.3.
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Table 3.5-Analysis of Variance Fcalculated values for overall liking across all conditions of potato 
chips and puffed rice for corresponding sources. 






Condition 0.24 2.71 
Sample 3.15** 26.24*** 
Panelist 4.23*** 5.93*** 
Condition*Sample 3.56*** 1.22 
Condition*Panelist 0.77 1.15 
*, ** and *** indicate significant difference across conditions at p<0.05, p<0.01 and p<0.001, 
respectively.   
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Table 3.6-Comparison across each potato chip (n = 83) and puffed rice (n = 81) sample indicated by average overall liking scores† 
within each blind, informed, and informed with education condition ††. 
†On a 9-point hedonic scale, anchored 9 = like extremely, 5 = neither like nor dislike, 1 = dislike extremely  
††Means showing a common letter across different samples are not significantly different within each condition. 
The description of the sample codes is in Table 3.1 and 3.2.













Blind  5.24b 5.63ab 5.72ab 5.64ab 6.04a 5.83a 5.30b 
Informed 5.84a 5.37a 5.51a 5.80a 5.35a 6.04a 5.79a 
Informed with education 5.66bc 6.00ab 5.60bc 6.35a 6.00ab 5.46c 4.82d 
Puffed rice 
Blind  5.17cd 5.65bc 4.96d 6.05ab 5.86ab 6.20a 6.10ab 
Informed  5.36c 5.90b 5.27c 6.15b 5.68bc 6.70a 5.86b 
Informed with education  5.31e 5.64de 5.26e 6.17bc 5.75cd 6.82a 6.51ab 
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Table 3.7- Comparison across blind, informed, and informed with education conditions indicated by average overall liking scores† 



















Blind  5.24a 5.63ab 5.72a 5.64b 6.04a 5.83a 5.30ab 
Informed 5.84a 5.37b 5.51a 5.80b 5.35b 6.04a 5.79a 
Informed with 
education 
5.66a 6.00a 5.60a 6.35a 6.00a 5.46a 4.82b 
Puffed 
rice 
Blind  5.17a 5.65a 4.96a 6.05a 5.86a 6.20b 6.10ab 
Informed  5.36a 5.90a 5.27a 6.15a 5.68a 6.70a 5.86b 
Informed with 
education  
5.31a 5.64a 5.26a 6.17a 5.75a 6.82a 6.51a 
†On a 9-point hedonic scale, anchored 9 = like extremely, 5 = neither like nor dislike, 1 = dislike extremely  
††Means showing a common letter across different conditions are not significantly different within each sample. 
The description of the sample codes is in Table 3.1 and 3.2.  
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Table 3.8- Comparison across each potato chip (n = 83) and puffed rice (n = 81) sample indicated by average specific liking of flavor 
scores† within each blind, informed, and informed with education condition††. 











MSG + I+G 
Potato chip 
Blind  5.54a 5.49a 5.80a 5.76a 5.57a 5.76a 5.45a 
Informed 5.46bc 5.48bc 5.24c 5.40bc 5.67bc 6.23a 5.84ab 
Informed with education 5.99ab 6.12ab 5.72b 6.51a 6.00ab 5.88b 4.78c 
Puffed rice 
Blind  5.51b 5.83ab 4.67c 6.26a 5.44b 6.30a 5.56b 
Informed  4.99c 5.70b 4.83c 6.11b 5.68b 7.00a 5.70b 
Informed with education  5.14de 5.62cd 4.68e 6.25b 5.53cd 6.84a 6.00bc 
†On a 9-point hedonic scale, anchored 9 = like extremely, 5 = neither like nor dislike, 1 = dislike extremely  
††Means showing a common letter across different samples are not significantly different within each condition  







Table 3.9- Comparison across each potato chip (n = 83) and puffed rice (n = 81) sample indicated by average specific liking of salt 
scores† within each blind, informed, and informed with education condition††. 











MSG + I+G 
Potato chip 
Blind  5.93a 5.65a 5.39a 5.59a 5.66a 5.87a 5.48a 
Informed 5.33a 5.72a 5.35a 5.11a 5.52a 5.81a 5.75a 
Informed with education 5.65a 5.90a 5.39a 6.10a 5.92a 6.00a 5.51a 
Puffed rice 
Blind  5.52b 5.70ab 4.60c 6.12a 5.22b 6.12a 5.37b 
Informed  4.88c 5.54b 4.72c 5.94b 5.48b 6.70a 5.49b 
Informed with education  5.16c 5.59bc 4.58d 6.00ab 5.51bc 6.42a 5.70b 
†On a 9-point hedonic scale, anchored 9 = like extremely, 5 = neither like nor dislike, 1 = dislike extremely  
††Means showing a common letter across different samples are not significantly different within each condition  







Table 3.10- Comparison of potato chip and puffed rice sample sodium (Na) added during preparation and in the final product to the 
FDA’s sodium reduction goals with respect to the sodium content of a 28 gram potato chip and puffed rice sample serving.  







g Na  
Deviation from 






g Na  
Deviation from 
FDA Goal (%) 
Full sodium 0.221 0.213 0.217 -1.9 0.263 0.196 0.263 -25.6 
RSST 0.181 0.160 0.176 -9.2 0.210 0.157 0.210 -25.4 
RSLT 0.111 0.100 0.106 -6.1 0.112 0.078 0.112 -30.7 
RSST MSG 0.181 0.177 0.176 0.2 0.210 0.126 0.210 -40.1 
RSLT MSG 0.111 0.092 0.106 -13.4 0.112 0.072 0.112 -35.5 
RSST MSG + I+G 0.181 0.178 0.176 1.1 0.210 0.173 0.210 -17.6 
RSLT MSG + I+G 0.111 0.092 0.106 -13.1 0.112 0.083 0.112 -26.3 
Short-term totals are equivalent to the FDA’s 2 year sodium reduction goal and long-term totals are equivalent to the FDA’s 10 year 
sodium reduction goal for flavored potato chips and flavored puffed rice. Negative percent deviation indicates final Na was less than 
FDA goal. The description of the sample codes is in Table 3.1 and 3.2.  
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Figure 3.1- Average liking of potato chip samples for three consumer clusters under blind, 
informed, and informed with education conditions.  
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Figure 3.2- Average liking of puffed rice samples for three consumer clusters under blind, 
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CHAPTER 4: DRIVERS OF LIKING FOR REDUCED SODIUM POTATO CHIPS    
AND PUFFED RICE 
4.1 Abstract 
Reducing the amount of sodium in food products is necessary in decreasing the 
prevalence of hypertension, heart attack, and stroke. There is a lack of information on sodium 
reduction in potato chips and puffed rice, which comprise a large percentage of salty snack sales, 
and the use of flavor enhancers to maintain consumer acceptability of these products. The 
objective of this study was to identify drivers of liking for seven potato chip and seven puffed 
rice samples seasoned with differing sodium and flavor enhancer concentrations using sensory 
descriptive analysis and acceptance data. Eleven trained panelists evaluated the snacks and found 
eight significantly different attributes for potato chips and seven significantly different attributes 
for puffed rice. To better understand how these differences in samples play a role in sample 
liking, the descriptive analysis data were correlated with the data from a consumer test through 
preference mapping. For potato chips, consumers liked samples characterized by meaty 
aftertaste, aroma, and aroma-by-mouth, and umami aftertaste. Consumers did not like samples 
with a strong raw potato aroma. For puffed rice, consumers liked samples with attributes of 
crunchy texture, garlic aftertaste, and savory aftertaste and did not like bitter aftertaste and chili 
powder aroma-by-mouth. These findings imply acceptance of sodium reduced potato chips and 
puffed rice is possible by focusing on these identified drivers of liking. 
Keywords: consumer acceptance, descriptive analysis, sodium reduction, flavor enhancer 
Practical Application: Our findings suggest the addition of flavor enhancers maintain or 
improve the palatability of reduced sodium products with eight attributes influencing liking of 
potato chips and seven attributes influencing liking of puffed rice. Understanding the sensory 
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attributes that impact the acceptance of reduced sodium products will allow for these 
characteristics to be the focus during product development, which may result in increased sales 
of reduced sodium snacks, thus decreasing sodium consumption from snack products.  
 
4.2 Introduction 
The adequate intake for sodium is 1,500 mg per day while the average American 
consumes more than 3,400 mg of sodium per day (U.S. Department of Agriculture, 2017). This 
excess sodium intake increases risk of heart disease, hypertension, and stroke (Cogswell, 
Mugavero, Bowman, & Frieden, 2016). Processed and prepared foods contribute over 75% of 
sodium consumed (Havas, Dickinson, & Wilson, 2007). To address this issue, the Food and 
Drug Administration (FDA) has drafted 2 year short-term and 10 year long-term voluntary 
sodium reduction goals for processed foods (Food and Drug Administration, 2016).  
With extruded snacks, potato chips, and corn chips making up almost 47% of snack sales 
within the United States, salty snack product developers need to find ways to decrease the 
amount of sodium in their products while maintaining consumer liking in order to promote 
healthier consumer lifestyles. The FDA guidelines set a 2 year sodium reduction goal for 
flavored potato chips at 18%, and a 10 year goal of 51% reduction. For flavored puffed rice, 
sodium reduction goals are set at 20% and 57%, for 2 years and 10 year goals respectively (Food 
and Drug Administration, 2016). 
Flavor enhancers, such as monosodium glutamate (MSG) and disodium inosinate and 
guanylate (I+G), are generally recognized as safe (GRAS) by the FDA and have been seen to 
maintain palatability while decreasing the amount of sodium in products (Jinap et al., 2016, 
Miyaki, Retiveau-Krogmann, Byrnes, & Takehana, 2015). Product developers need to be aware 
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of the flavor enhancers available that allow for sodium reduction, as well as how these flavor 
enhancers influence product sensory attributes other than differences in salty taste.  
Descriptive analysis methodology allows for complete product descriptions from a 
sensory standpoint. Trained panelists evaluate the appearance, aroma, aroma-by-mouth, taste, 
texture, and aftertaste of products and quantify the specific attribute intensities, creating product 
profiles that can be compared with other products (Lawless & Heymann, 1998). The compilation 
of consumer acceptance data with descriptive data is critical in deciphering which attributes play 
a key role in consumer liking. These attributes are often referred to as “drivers of liking” 
(Moskowitz, 2002).  
The objective of this study was to use consumer testing and descriptive profiling to 
determine the drivers of liking for reduced sodium potato chips and puffed rice snacks prepared 
with and without common flavor enhancers. A consumer test was performed which evaluated the 
samples’ overall liking, flavor liking, and saltiness liking on a 9-point hedonic scale (Buechler, 
2019). A trained descriptive panel quantified sensory differences across the samples to identify 
significantly different attributes. The consumer test data were correlated with the descriptive 
panel data to determine the drivers of liking for the reduced sodium potato chips and puffed rice.  
 
4.3 Materials and Methods 
Experimental sample 
No salt added potato chips (Utz Quality Foods, Inc., Hanover, PA, U.S.A.) were heated in 
a kitchen-grade oven for 30 minutes at 93 ̊C in 540 gram batches. The heated chips were 
seasoned with barbeque (BBQ) type flavor powder (Bell Flavors and Fragrances, Inc., 
Northbrook, IL, U.S.A.), micro powder salt flour (The Great American Spice Co., Fort Wayne, 
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IN, U.S.A.), MSG fine crystals (Ajinomoto North America, Inc., Itasca, IL, U.S.A.), and I+G 
(Ajinomoto North America, Inc., Itasca, IL U.S.A.) by being tossed in a bag. To create the 
puffed rice, brown rice (Wal-Mart Store, Inc., Bentonville, AR, U.S.A.) was extruded using a 
Welly Puffing Machine standard model (DP Korea, Bucheon-si, Gyeonggi-do, Korea) with a 
screw dimension of 118.9 mm in length and 33.6 mm in width, barrel diameter of 41.2 mm, and 
die dimeter of 3.0 mm. Screw speed was 120 rpm and rice was fed in at 63 g/minute. The 
extruder rotating blade was set at 112 rpm. Puffed rice, in 375 g batches, was combined with 
soybean vegetable oil (Wal-Mart Stores, Inc., Bentonville, AR, U.S.A.) and tumbled at 24 rpm 
for 30 seconds. Smoked Paprika, Garlic, Chili and Chives Spice Blend (Dangold, Inc., Flushing, 
NY, U.S.A.), micro powder salt flour (The Great American Spice Co., Fort Wayne, IN, U.S.A.), 
MSG fine crystals (Ajinomoto North America, Inc., Itasca, IL, U.S.A.), and I+G (Ajinomoto 
North America, Inc., Itasca, IL U.S.A.) were combined and tumbled in a Krispy Model #55 
Coating Tumbler (Krispy Kist Korn Machine Company, Chicago, IL, U.S.A.) at 48 rpm for one 
minute to season the puffed rice. Samples complied with the 2016 voluntary sodium reduction 
goals proposed by the FDA (Food and Drug Administration, 2016).  Samples varied on the 
sodium percentage and source, as well as the presence of flavor enhancers, MSG and I+G. 
Tables 4.1 and 4.2 describe the formulations for potato chips, while Tables 4.3 and 4.4 describe 
the formulations for puffed rice. A full sodium sample, containing the 2010 average amount of 
sodium indicated by the FDA for the respective product category, was tested (Food and Drug 
Administration, 2016). Samples were labeled with 3-digit numerical codes to avoid panelist bias.  
Panelists for descriptive panel 
The descriptive analysis panel was comprised of eleven panelists (four male, seven 
female, 18 to 34 years of age). Panelists were recruited from University of Illinois’s campus and 
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selected based on participation interest, session availability, lack of food allergies and food 
sensitivities, and non-smoker status (see Appendix F for screening questionnaire).  
For the panel screening session, potential panelists were tested on the ability to taste n-
propyl thiouracil (PROP), a compound that indicates the taste sensitivity of panelists (Bartoshuk, 
Duffy, & Miller, 1994). If panelists were unable to detect PROP from the filter papers (Sensonics 
International, Haddon Heights, NJ, U.S.A.) or only able to detect it at low levels, they were not 
chosen to participate in the sensory panel. Panelists were also screened for taste perception by 
identifying the basic tastes associated with diluted solutions of citric acid (0.05% w/v, 
Hearthmark, LLC, Fishers, IN, U.S.A.), anhydrous caffeine (0.024% w/v, MP Biomedicals, 
LLC, Solon, OH, U.S.A.), sucrose (0.7% w/v, Domino Foods, Inc., Yonkers, NY., U.S.A.), 
sodium chloride (0.1% w/v, The Great American Spice Co., Fort Wayne, IN, U.S.A.), and MSG 
(0.008%, 0.015% w/v, Ajinomoto North America, Inc., Itasca, IL, U.S.A.). For MSG, 0.008% 
w/v is the recognition threshold for young, experienced consumers (Schiffman, Crumbliss, 
Warwick, & Graham, 1990), while 0.015% w/v is the detection threshold for MSG (Schiffman & 
Sattely-Miller, 1994). Seven solutions were presented to panelists, one of each of the 
concentrations listed above, as well as one deionized water blank solution. Individuals were 
invited to be a panelist if they successfully identified three of the seven solutions (see Appendix 
G for basic taste identification form and Appendix H for consent form).  
Reference preparation 
Terms and references generated during sessions are listed in Tables 4.5 and 4.6. 
References were served in plastic cups (29.5 – 163-mL) with lids and prepared less than 24 hours 
prior to panel evaluation. Liquid references were prepared with deionized water. Samples were 




Panelists completed 31 one-hour training sessions (15 for puffed rice, 16 for potato 
chips). In the first eight sessions for each product type, panelists familiarized themselves with all 
seven samples and generated descriptive attributes and corresponding reference foods. Attributes 
and references were adjusted and narrowed down as sessions progressed and panelists became 
more familiar with the samples.  
The following sessions (seven for puffed rice, eight for potato chips) involved panel 
attribute definition generation and identification of appropriate reference concentrations and 
sampling procedures. Panelists practiced rating the samples on a paper 15-cm line scale to 
become familiar with the rating process. Panelists then practiced the entire sensory booth 
evaluation procedure, with computer data collection, during a 30 minute practice session. Four 
samples were tested during the practice session. The rinse protocol during session training and 
final evaluation was a sip of warm water (40  ̊C), expectorate, sip of room temperature water, 
then expectorate.  
Sample evaluation 
Around four grams of sample were presented in 163-mL plastic cups labeled with unique, 
random 3-digit numerical codes. Sample cups were prepared less than 24 hours before panel 
evaluation and were stored at room temperature.  
Panelists evaluated all seven samples during two duplicate testing days, each consisting 
of two sessions. Four samples were tested during the first session, and three samples were tested 
during the second session at least one hour later. Testing took place in University of Illinois 
Bevier Hall sensory lab booths, at 20  ̊C, under incandescent lighting. Panelists were encouraged 
to familiarize themselves with the references prior to entering the sensory booths or during 
61 
 
testing, if needed. They were provided an attribute sheet listing the finalized attributes, 
definitions, the panel's average reference rating, as well as their personal reference rating. 
Panelists were served all samples being tested during the session on one tray and were asked to 
evaluate the computer generated, randomly assigned first sample. Panelists evaluated based on 
the determined aroma, aroma-by-mouth, taste, aftertaste, and texture attributes. Panelists were 
then asked to repeat the process for the remaining samples. Panelists rinsed with the described 
rinse protocol between evaluating each sample. For each attribute, data were recorded on 15-cm 
line scales with end-anchors and anchors at every centimeter. The left end-anchor was labeled 
zero and the right end-anchor was labeled 15. Data were collected using Compusense five 
(Version 6.6, Compusense Inc., Guelph, Ontario, Canada).  
Consumer acceptance testing 
For the consumer acceptance portion of the study, a total of 164 panelists over 18 years 
of age, being frequent (one to three times per month) consumers of potato chips or salty snacks 
participated (81 for puffed rice, 83 for potato chips). Panelists evaluated seven samples of either 
potato chips or puffed rice. They were asked to evaluate samples on overall liking, flavor liking, 
and saltiness liking on a 9-point hedonic scale with 9 = like extremely, 5 = neither like nor 
dislike, and 1 = dislike extremely anchored. Between evaluating samples, consumers rinsed their 
mouths with a sip of warm water (40  ̊C), expectorated, took a sip of room temperature water, 
then expectorated. The test was conducted at Bevier Hall at University of Illinois. Complete 







Individual attribute data were analyzed by Analysis of Variance (ANOVA) using XL-
STAT 2018.3 (Addinsoft, New York, N.Y., U.S.A.). Fisher's Least Significant Difference was 
conducted for attributes with a significant difference across samples.  
Internal and external preference mapping and agglomerative hierarchical cluster analysis 
were conducted with XL-STAT 2018.3. The agglomerative hierarchical clustering method was 
based on statistical level of dissimilarity and assumed consumers fell into unique groups based 
on their liking of the samples (Fraley & Raftery, 1998). Each consumer started with their own 
cluster and the closest clusters were combined together. The groups were divided at a certain 
dissimilarity level that appropriately described each cluster. To create the external preference 
map, a principal component map was generated from the descriptive analysis panel’s evaluation 
with the products and attributes being positioned on the biplot as assessed by the descriptive 
panel. Then consumer overall acceptance ratings were regressed onto the plot (Van Kleef, Trijp, 
& Luning, 2006). Internal preference mapping converted acceptance ratings to preference 
dimensions where individual acceptance scores represented vectors showing directional increase 
of preference (MacFie, 2007). 
 
4.4 Results and Discussion 
Descriptive analysis 
Results from the potato chip ANOVA can be seen in Table 4.7. Potato chip attributes 
were significantly different across samples except for meaty aroma and raw potato aroma. 
Panelist by sample interaction was significant for two attributes, so an adjusted F-test was 
conducted. Cooked potato aroma-by-mouth and umami aftertaste still had significant differences 
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across samples after the adjusted F-test. Table 4.8 shows mean separation of the eight significant 
attributes. Samples followed the same pattern of rating for salty taste and salty aftertaste with the 
full sodium sample and RSST MSG being perceived as saltiest and not being significantly 
different in either attribute. For salty taste, RSST MSG + I+G was not significantly different 
from the full sodium sample nor RSST MSG indicating sodium reduction is possible with flavor 
enhancers without sacrificing a salty taste. For meaty aroma-by-mouth, meaty aftertaste, and 
umami aftertaste, RSLT MSG, RSST MSG + I+G, and RSST MSG were rated the highest due to 
the ability of MSG and I+G to increase savory characteristics. In opposition to these attributes, 
cooked potato aroma-by-mouth and fried potato aftertaste were higher in RSLT MSG, RSLT, 
RSST, and the full sodium samples than the samples with MSG and MSG + I+G showing that 
samples that were not perceived as high in umami characteristics were perceived stronger in 
potato characteristics. Sour taste was rated highest in RSST MSG, full sodium sample, RSLT 
MSG + I+G, RSST MSG + I+G, and RSST which were not found significantly different from 
one another and follows a similar pattern as the salty attributes.  
Results from the puffed rice ANOVA can be seen in Table 4.9. Puffed rice attributes 
were significantly different across samples except for paprika aroma and roasted aroma-by-
mouth. Panelist by sample interaction was significant for two attributes, so an adjusted F-test 
was conducted. Crunchiness texture and salty taste still had significant differences across 
samples after the adjusted F-test. Table 4.10 shows mean separation of the seven significant 
attributes. Samples followed similar rating trends across salty and savory tastes, bitter, garlic, 
and savory aftertastes with the full sodium sample, RSST, RSST MSG, RSST MSG + I+G rated 
the highest and RSLT MSG, RSLT MSG, and RSLT rated the lowest. Salty taste had the widest 
range of ratings indicating samples varied greatly in this attribute. Chili powder aroma-by-mouth 
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followed similar trends as the attributes previously listed. Crunchiness texture was fairly 
consistent, except RSST and RSLT MSG + I+G were found significantly less crunchy than the 
other samples. This could be explained by a halo effect from the samples being rated higher or 
lower in other attributes and having attribute carry over to perception of sample texture. A 
consumer test that studied the influence of a wine served with or without an organic label found 
wines labeled as organic perceived as having a smoother texture and better body when compared 
to the same wine without a label (Apaolaza, Hartmann, Echebarria, & Barrutia, 2017). Another 
study found the addition of vanilla to low-fat milk caused an increase in creamy and thickness 
ratings (Lawless & Heymann, 1998). These studies demonstrate the addition of a label or 
ingredient impacting perceived sample texture when the addition was not directly affecting 
texture.  
Correlation of descriptive and consumer results  
Figure 4.1 shows potato chip internal preference mapping for the consumer test. The 
biplot explained 48.61% of the total data variation. Factor 1 accounted for 30.80% and Factor 2 
accounted for 17.81%. Consumer clusters were shown on the biplot. Cluster 1 (n =29) were 
panelists who rated all samples highly, cluster 2 (n =27) were panelists who liked salt, and 
cluster 3 (n = 27) were panelists who liked reduced salt. Full sodium, the least liked sample, was 
separated from the rest of the samples on the biplot which showed how contrasting this sample 
was from the other samples. RSLT MSG, RSLT MSG + I+G, and RSST MSG + I+G are 
clustered together showing there were not large differences between these samples according to 
consumer overall liking. RSST MSG, RSLT, and RSST were grouped together indicating 
consumers who liked reduced sodium samples also found an acceptable balance of salty and 
savory in RSST MSG. 
65 
 
External preference mapping was performed on the potato chip data correlating consumer 
overall acceptance ratings to trained descriptive panel sample profiles (Figure 4.2). A vector 
model was applied. The model explained 83.83% of total data variation: 58.37% from Factor 1 
and 25.46% from Factor 2. The sample RSLT MSG, which was liked highly by consumers, was 
best characterized by meaty aroma, fried potato aftertaste, and cooked potato aroma-by-mouth. 
Also liked highly, RSST MSG + I+G was best described by meaty and umami aftertaste and 
meaty aroma-by-mouth. The least liked sample, full sodium, was characterized by salty taste and 
aftertaste and raw potato aroma. Consumer clusters were distributed across the biplot indicating 
the variations in liking. Based on the external preference map, it can be concluded a potato chip 
with umami aftertaste and meaty aroma, aroma-by-mouth, and aftertaste qualities similar to 
RSLT MSG and RSST MSG + I+G are what drives consumer liking. Potato chips with flavor 
enhancers can drive preference for reduced sodium snacks by contributing a savory taste in 
addition to a salty taste which aligns with predicted market trends for an increase in popularity of 
savory and salty snacks (Mordor Intelligence, 2018; Schroeder, 2018).  
Puffed rice internal preference mapping is shown in Figure 4.3 where the biplot showed 
45.52% of total variation. Factor 1 accounted for 27.55%, while Factor 2 accounted for 17.97%. 
Consumer clusters were indicated on the biplot with cluster 1 (n = 52) rating all samples highly, 
cluster 2 (n = 16) liking reduced salt and umami tastes, and cluster 3 (n = 13) liking salt. RSLT, 
RSLT MSG, and RSST MSG + I+G formed one umami cluster of samples and RSST, full 
sodium, and RSST MSG formed a second salt sample cluster. Although RSLT MSG + I+G was 
liked second most, it was positioned between the two sample clusters indicating RSLT MSG + 
I+G liking was a combination of umami and salt taste liking.  
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Puffed rice external preference mapping correlated consumer overall acceptance ratings 
and trained descriptive panel sample evaluations (Figure 4.4). A vector model explained 85.75% 
of total variation: 65.58% from Factor 1 and 20.17% from Factor 2. Samples were spread across 
the plot demonstrating their differing attributes. The sample most liked by consumers, RSST 
MSG + I+G, was characterized best by crunchiness texture, garlic aftertaste, and savory 
aftertaste. Although RSLT MSG + I+G was liked second most, it was not well associated with 
the profiling attributes, being the sample farthest from attributes that characterized RSST MSG + 
I+G. Samples RSLT, RSLT MSG, and RSLT MSG + I+G were positioned farthest from the 
puffed rice attributes indicating they were not strongly associated with any attribute, including 
savory and salty tastes. The full sodium sample was identified as being strong in chili powder 
aroma-by-mouth, bitter aftertaste, and salty taste. Based on the external preference map, it can be 
inferred a puffed rice sample with crunchy texture and garlic and savory aftertastes is what 
drives consumer liking. The addition of MSG and I+G to flavored seasoning after extrusion of 
amaranth and chickpea/bovine extruded snacks has been seen to influence a product’s texture 
(Cassar, Sardinha, & Arêas, 2008). According to a 2019 study with 1,042 adult participants, over 
80% responded they liked garlic very much and about 5% stated they do not like garlic which 
related to the biplot positions of puffed rice cluster 1 and 3 of this study (Nikolaus, Ellison, 
Heinrichs, Nickols-Richardson, & Chapman-Novakofski, 2017).  
 
4.5 Conclusion 
The identification of savory, salty, garlic, and crunchy textural drivers of liking for 
reduced sodium snacks can guide product developers in creating successful product flavor 
profiles. This information can direct industry work on reduced sodium potato chips and puffed 
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rice saving companies both time and resources. One limitation of this study is the sensory effects 
of flavor enhancers was only investigated in the context of the BBQ potato chip and spice blend 
puffed rice seasonings used. Future studies could identify the effect of flavor enhancers on 
sodium reduced snacks using other snack seasoning flavors and see if product acceptance and 
drivers of liking differ from those in this study. The effects of flavor enhancers on products 
beyond salty snacks, such as pizzas and burritos, two categories identified as top sources of 
sodium in American diets, could also be investigated (U.S. Department of Agriculture, 2017).  
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4.6 Tables and Figures 













MSG = monosodium glutamate, I+G = disodium inosinate and guanylate, NaCl = sodium 
chloride, BBQ = barbeque type flavor powder






NaCl BBQ MSG I+G 
Full sodium Full sodium 97.53 1.87 0.60 - - 
Reduced sodium 
short-term (2 year 
goal) 
RSST 97.90 1.50 0.60 - - 
Reduced sodium 
long-term (10 year 
goal) 








RSLT MSG 98.40 0.80 0.60 0.20 - 
Reduced sodium 
short-term with 
MSG and I+G 
RSST MSG + 
I+G 
97.76 1.43 0.60 0.20 0.01 
Reduced sodium 
long-term with 
MSG and I+G 
RSLT MSG + 
I+G 
98.39 0.80 0.60 0.20 0.01 
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Table 4.2- List of sodium sources and intended amounts for a 28 gram potato chip sample 
serving.  





Potato chip NaCl BBQ MSG I+G Total (g) 
Full sodium 0.005 0.205 0.011 - - 0.221 
RSST 0.005 0.165 0.011 - - 0.181 
RSLT 0.005 0.095 0.011 - - 0.111 
RSST MSG 0.005 0.158 0.011 0.007 - 0.181 
RSLT MSG 0.005 0.088 0.011 0.007 - 0.111 
RSST MSG + I+G 0.005 0.158 0.011 0.007 0.0002 0.181 
RSLT MSG + I+G 0.005 0.088 0.011 0.007 0.0002 0.111 
Short-term totals are equivalent to the FDA’s 2 year sodium reduction goal for flavored potato 
chips, while the long-term totals are equivalent to the FDA’s 10 year sodium reduction goal. 
NaCl = sodium chloride, BBQ = barbeque type flavor powder, MSG = monosodium glutamate, 
I+G = disodium inosinate and guanylate. The description of the sample codes is in Table 4.1.
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Table 4.3- Percentage of ingredients in each puffed rice sample.  
 
 










Full sodium Full sodium 68.11 25.00 2.39 4.50 - - 
Reduced sodium 
short-term (2 year 
goal) 
RSST 68.59 25.00 1.91 4.50 - - 
Reduced sodium 
long-term (10 year 
goal) 
RSLT 69.48 25.00 1.02 4.50 - - 
Reduced sodium 
short-term with MSG 
RSST MSG 68.46 25.00 1.84 4.50 0.20 - 
Reduced sodium 
long-term with MSG 
RSLT MSG 69.35 25.00 0.95 4.50 0.20 - 
Reduced sodium 
short-term with MSG 
and I+G 
RSST MSG + 
I+G 
68.45 25.00 1.84 4.50 0.20 0.01 
Reduced sodium 
long-term with MSG 
and I+G 
RSLT MSG + 
I+G 
69.34 25.00 0.95 4.50 0.20 0.01 
MSG = monosodium glutamate, I+G = disodium inosinate and guanylate, NaCl = sodium 
chloride, MSG = monosodium glutamate, I+G = disodium inosinate and guanylate
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Table 4.4- List of sodium sources and intended amounts for a 28 gram puffed rice sample 
serving.  
  
Intended Ingredient Sodium 
Contribution (g)/serving   
Sample 
abbreviation NaCl MSG I+G Total (g) 
Full sodium  0.263 - - 0.263 
RSST 0.210 - - 0.210 
RSLT 0.112 - - 0.112 
RSST MSG  0.203 0.007 - 0.210 
RSLT MSG 0.105 0.007 - 0.112 
RSST MSG + I+G 0.203 0.007 0.0002 0.210 
RSLT MSG + I+G 0.105 0.007 0.0002 0.112 
Short-term totals are equivalent to the FDA’s 2 year sodium reduction goal for flavored puffed 
rice, while the long-term totals are equivalent to the FDA’s 10 year sodium reduction goal. NaCl 
= sodium chloride, MSG = monosodium glutamate, I+G = disodium inosinate and guanylate. 
The description of the sample codes is in Table 4.3.
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Table 4.5- Potato chip descriptive attributes, definitions, and references with reference preparation and average intensity. 
 








The aroma associated 
with bacon 
5 bacon pieces served 
in 29.5 mL cup 
Real Bacon Bits (Meijer 





The aroma associated 
with freshly cut raw 
potato 
1.5 cm cube served in 
29.5 mL cup 





The flavor in the mouth 
associated with cooked 
potato 
1 chip served in 163 
mL cup 
Original Pringles (Pringles 




The flavor in the mouth 
associated with bacon 
5 bacon pieces served 
in 29.5 mL cup 
Real Bacon Bits (Meijer 





The taste associated with 
sodium chloride 
1 chip served in 163 
mL cup 
Lay's Classic (Frito-Lay, Inc., 
Plano, TX., U.S.A.) 
11.6 
Sour 
The taste associated with 
vinegar 
7.682 g vinegar in 1 
L water (place 15 mL 
in 29.5 mL cup) 
Heinz Distilled White Vinegar 
(Kraft Heinz Food Company, 





The aftertaste associated 
with a fried potato 
1 chip served in 163 
mL cup 
Lay's Lightly Salted Classic 




The aftertaste associated 
with cured meat 
5 bacon pieces served 
in 29.5 mL cup 
Real Bacon Bits (Meijer 




The aftertaste associated 
with sodium chloride 
1 chip served in 163 
mL cup 
Lay's Classic (Frito-Lay, Inc., 
Plano, TX., U.S.A.) 
12.9 
Umami 
The aftertaste associated 
with monosodium 
glutamate 
0.614 g MSG in 1 L 
water (place 15 mL in 
29.5 mL cup) 
Monosodium Glutamate Fine 
Crystal (Ajinomoto North 




Table 4.6- Puffed rice descriptive attributes, definitions, and references with reference preparation and average intensity 







The aroma associated 
with paprika spice 
0.035 g in 59 mL cup 
Organic Paprika (Wal-Mart Stores, 






The flavor in the 
mouth associated 
with chili powder 
0.02 g in 59 mL cup 
Chili Powder (McCormick & Co., 
Inc., Hunt Valley, MD., U.S.A) 
13.2 
Roasted 
The flavor in the 
mouth associated 
with roasted almonds 
1 almond in 59 mL 
cup 
Roasted Almonds (Meijer 




The snap/ease of 
breakdown in mouth 
1 puff in 163 mL cup 
Organic White Cheddar Bunny 





The taste associated 
with sodium chloride 
1 cracker in 163 mL 
cup 
Triscuit Garden Herb (Mondelez 




The taste associated 
with monosodium 
glutamate 
0.614 g MSG in 1 L 
water (place 15 mL in 
29.5 mL cup) 
Monosodium Glutamate Fine 
Crystal (Ajinomoto North 







0.01 g in 59 mL cup 
Premium Nutritional Yeast 
Seasoning (Brag Live Food 








0.614 g MSG in 1 L 
water (place 15 mL in 
29.5 mL cup) 
Monosodium Glutamate Fine 
Crystal (Ajinomoto North 




associated with garlic 
powder 
1 fried onion in 59 
mL cup 
Original Crispy Onions (Meijer 





Table 4.7- Analysis of Variance table for 10 attributes describing seven potato chip samples.  
Modality Term Replication Panelist Sample P * S Adjusted F 
Aroma 
Meaty 1.07 1.31 1.27 0.59 - 





0.59 2.90** 8.57*** 1.69* 5.06*** 
Meaty 0.52 3.06** 2.57* 1.46 - 
Taste 
Salty 0.04 2.10* 5.21*** 1.07   
Sour 0.21 3.08** 3.14** 0.84 - 
Aftertaste 
Fried potato 2.55 5.72*** 2.70* 1.45 - 
Meaty 0.14 3.19** 3.29** 1.37 - 
Salty 0.52 4.68*** 8.28*** 1.09 - 
Umami 3.89*** 0.06 4.65*** 1.71* 2.71* 
P * S = panelist by sample interaction. For samples where P * S interaction was significant, an 
adjusted F-value was calculated with the interaction term becoming the error term to test for 
sample variation*significant difference at p<0.05 




Table 4.8- Average intensity ratings† for attributes describing seven potato chip samples as determined by the descriptive panel.  
  Aroma-by-mouth Taste Aftertaste 
 Cooked 
potato 
Meaty Salty Sour 
Fried 
potato 
Meaty Salty Umami 
Full sodium 11.47bc 10.16abc 12.53a 10.72ab 11.92ab 8.63bc 13.10a 10.31bc 
RSST 12.20ab 8.54c 11.79a 9.69abc 12.18ab 7.69c 10.97b 10.31bc 
RSLT 13.13a 8.77c 9.75c 8.09c 12.76a 7.91c 8.76d 9.38c 
RSST MSG 10.74c 10.49ab 12.48a 11.34a 11.14b 9.94ab 11.75ab 11.48ab 
RSLT MSG 13.13a 9.24bc 10.13bc 9.11bc 12.85a 9.24abc 9.20cd 11.23ab 
RSST MSG + I+G 11.04c 10.54ab 12.18a 10.00ab 11.56b 9.69ab 11.34b 11.36ab 
RSLT MSG + I+G 11.12c 11.01a 11.31ab 10.32ab 11.91ab 10.53a 10.43bc 12.07a 
The description of the sample codes is in Table 4.1. 








Table 4.9- Analysis of Variance table for nine attributes describing seven puffed rice samples.  
Modality Term Replication Panelist Sample P * S Adjusted F 
Aroma Paprika 0.78 4.70*** 1.13 1.24 - 
Aroma-by-
mouth 
Chili powder 0.43 5.50*** 4.62*** 1.39 - 
Roasted 0.09 8.39*** 2.09 1.26 - 
Texture Crunchiness 0.61 2.15* 9.95*** 1.67* 5.96*** 
Taste 
Salty 0.02 3.39** 24.79*** 1.50* 16.51*** 
Savory 1.22 2.64** 4.51*** 1.47 - 
Aftertaste 
Bitter 0.92 5.63*** 2.74* 1.13 - 
Garlic 0.59 8.70*** 4.98*** 1.30 - 
Savory 0.26 4.10*** 2.86* 1.17 - 
P * S = panelist by sample interaction. For samples where P * S interaction was significant, an 
adjusted F-value was calculated with the interaction term becoming the error term to test for 
sample variation.  
*, ** and *** indicate significant difference across conditions at p<0.05, p<0.01 and p<0.001, 
respectively.   
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Texture Taste Aftertaste 
 Chili powder Crunchiness Salty Savory Bitter Garlic Savory 
Full sodium 12.01a 12.14a 13.43a 11.65a 11.31a 10.63b 11.07ab 
RSST 11.29ab 12.51a 12.57ab 11.35ab 10.40ab 10.76b 10.60abc 
RSLT 9.95cd 11.81a 8.59d 8.93d 9.49bc 10.10bc 9.79c 
RSST MSG 10.59bc 10.70b 11.88bc 10.95abc 9.81bc 10.42b 10.68abc 
RSLT MSG 8.91d 12.55a 8.81d 9.78cd 8.78c 9.76bc 10.04bc 
RSST MSG + I+G 10.20bcd 12.13a 11.43c 11.10ab 9.83bc 11.95a 11.80a 
RSLT MSG + I+G 10.27bc 9.90b 8.96d 10.06bcd 9.58bc 9.20c 9.95bc 
The description of the sample codes is in Table 4.3. 






 Figure 4.1- Internal preference map of overall acceptance of potato chip samples.  
 
Samples: full sodium, reduced sodium short-term (RSST), reduced sodium long-term (RSLT), 
reduced sodium short-term with monosodium glutamate (RSST MSG), reduced sodium long-
term with monosodium glutamate (RSLT MSG), reduced sodium short-term with monosodium 
glutamate and disodium inosinate and guanylate (RSST MSG + I+G), reduced sodium long-term 
with monosodium glutamate and disodium inosinate and guanylate (RSLT MSG + I+G) based 
on responses of 83 consumers. Consumer clusters are shown: cluster 1 (n = 29), cluster 2 (n = 
27), and cluster 3 (n = 27). Samples = square; consumers = circle; triangle = consumer cluster. 
Refer to Table 4.2 for the actual amount of sodium included in each sample. Plot explains 
48.61% of total variation. Factor 1 corresponds to the x-axis and Factor 2 corresponds to the y-












     Figure 4.2– External preference map of overall acceptance of potato chip samples.  
 
Samples: full sodium, reduced sodium short-term (RSST), reduced sodium long-term (RSLT), 
reduced sodium short-term with monosodium glutamate (RSST MSG), reduced sodium long-
term with monosodium glutamate (RSLT MSG), reduced sodium short-term with monosodium 
glutamate and disodium inosinate and guanylate (RSST MSG + I+G), reduced sodium long-term 
with monosodium glutamate and disodium inosinate and guanylate (RSLT MSG + I+G) based 
on evaluation of potato chips. Consumer clusters are shown: cluster 1 (n = 29), cluster 2 (n = 27), 
and cluster 3 (n = 27). Samples = square; attributes = circle; triangle = consumer cluster. Refer to 
Table 4.2 for the actual amount of sodium included in each sample. Plot explains 83.83% of total 





Figure 4.3- Internal preference map of overall acceptance of puffed rice samples.  
 
Samples: full sodium, reduced sodium short-term (RSST), reduced sodium long-term (RSLT), 
reduced sodium short-term with monosodium glutamate (RSST MSG), reduced sodium long-
term with monosodium glutamate (RSLT MSG), reduced sodium short-term with monosodium 
glutamate and disodium inosinate and guanylate (RSST MSG + I+G), reduced sodium long-term 
with monosodium glutamate and disodium inosinate and guanylate (RSLT MSG + I+G) based 
on responses of 81 consumers. Consumer clusters are shown: cluster 1 (n = 52), cluster 2 (n = 
16), cluster 3 (n = 13). Samples = square; consumers = circle; triangle = consumer cluster. Refer 
to Table 4.4 for the actual amount of sodium included in each sample. Plot explains 45.52% of 





 Figure 4.4– External preference map of overall acceptance of puffed rice samples.  
 
Samples: full sodium, reduced sodium short-term (RSST), reduced sodium long-term (RSLT), 
reduced sodium short-term with monosodium glutamate (RSST MSG), reduced sodium long-
term with monosodium glutamate (RSLT MSG), reduced sodium short-term with monosodium 
glutamate and disodium inosinate and guanylate (RSST MSG + I+G), reduced sodium long-term 
with monosodium glutamate and disodium inosinate and guanylate (RSLT MSG + I+G) based 
on evaluation of puffed rice. Consumer clusters are shown: cluster 1 (n = 52), cluster 2 (n = 16), 
cluster 3 (n = 13). Samples = square; attributes = circle; triangle = consumer cluster. Refer to 
Table 4.4 for the actual amount of sodium included in each sample. Plot explains 85.75% of total 
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APPENDIX A: CONSUMER TEST SCREENING QUESTIONNAIRE 
 
1. Are you available to participate on [test date 1] and [test date 2], [2017 or 2018]? (The 
exact time will be determined based on your availability.) 
 
Yes                             No         .           
              
2. Are you over 18 years old?           Yes                              No         .          
  
3. You are        Male                             Female        . 
        
4. About how often do you consume any type of snack product? 
 
>3 times a week ___ 
1-3 times a week ___ 
1-3 times a month ___ 
1-6 times a year ___ 
Never ___ 
5. Which of the following snack products do you consume frequently (check all that 
apply)? 
 
Potato chips ___ 
Rice puffs ___ 
 Other                                                         
 






Other                                                             
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APPENDIX B: INFORMED CONSENT FORM FOR CONSUMER TEST 
 




Department of Food Science and Human      Nutrition [DATE], [2017 or 2018] 
 
College of Agricultural, Consumer and Environmental Sciences 
260 Bevier Hall 
905 South Goodwin Avenue 
Urbana, IL 61801 
 
INFORMED CONSENT FORM FOR SENSORY EVALUATION PANELISTS 
“CONSUMER ACCEPTANCE OF POTATO CHIPS AND RICE PUFFS” 
 
You are invited to participate in a study involving sensory evaluation of potato chips and rice 
puffs. The goal of this research is to evaluate the consumer acceptance of potato chips and rice 
puffs with varied seasonings. The results of this study will be used to understand consumer 
preference surrounding the acceptability of potato chips and rice puffs containing different 
seasonings. The products will be evaluated using the 9-point hedonic acceptance test. This is a 
commonly used test consisting of a line scale with values ranging from 1 to 9 that measures your 
overall liking of a specific product. The lowest value (1) is associated with “dislike extremely” 
while the highest value (9) is associated with “like extremely”. You will be asked to taste a 
potato chip or rice puff sample and rate them in terms of liking. You will also be asked to rate 
the same samples in terms of several specific attributes including appearance and flavor. 
Additionally, you will be asked to provide demographic information including age, gender, 
ethnicity, and other basic questions. There are no risks to you beyond those of everyday life. 
Known allergens involved with the products and reference products in this study is soy. If you 
have known food allergies please do not participate in the study. The University of Illinois does 
not provide medical or hospitalization insurance coverage for participants in this research study 
nor will the University of Illinois provide compensation for any injury sustained as a result of 
participation in this research study, except as required by law. You are free to withdraw from the 
study at any time for any reason and it will have no effect on your grades at, status at, or future 
relations with the University of Illinois. 
You will need to participate in two 30-minute sessions for this study. Upon completion of the 
study, you will be compensated monetarily in the amount of $10. If you do not fullfill the 
obligations of this study you will not receive compensation for your participation. You are free to 
withdraw at any time during the course of the study. The experimenter(s) also reserve the right to 
terminate the participation of an individual subject at any time. You will be terminated if you 
miss session, are late, or cannot follow directions.  
 
Will my study-related information be kept confidential? 
Yes, but not always. In general, we will not tell anyone any information about you. When this 
research is discussed or published, no one will know that you were in the study.  However, laws and 
university rules might require us to tell certain people about you.  For example, your records from this 
research may be seen or copied by the following people or groups:  
• Representatives of the university committee and office that reviews and approves research 
studies, the Institutional Review Board (IRB) and Office for Protection of Research Subjects; 
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• Other representatives of the state and university responsible for ethical, regulatory, or financial  
oversight of research; 
• Federal government regulatory agencies such as the Office of Human Research Protections in the 
Department of Health and Human Services; 
• The financial sponsor of the research, Ajinomoto North America, Inc. 
The researchers will keep the responses confidential, and any publications or presentations of 
the results of the research will only include information about group performance. Data gathered 
from the entire project will be summarized in the aggregate, excluding references to any 
individual responses. The aggregated results of our analysis will be for journal articles and 
conference presentations. Again, your input is very important to us and any information we 
receive from you will be kept secure and confidential. 
 
You are encouraged to ask any questions that you might have about this study whether 
before, during, or after your participation. However, specific questions about the samples that 
could influence the outcome of the study will be deferred to the end of the experiment. Questions 
can be addressed to Dr. Soo-Yeun Lee (Responsible Project Investigator, Professor, Dept. of 
Food Sci. and Human Nutr., 217-244-9435, soolee@illinois.edu), or Aimee Buechler 
(aimeeeb2@illinois.edu). You may also contact the Institutional Review Board Office (217-333-
2670, irb@illinois.edu) for any question about the rights of research subjects. 
By signing below, I certify that I am at least 18 years in age and I understand the information and 
voluntarily consent to participate in the study described above.  I have been given a copy of this 
consent form. 



















APPENDIX C: DEMOGRAPHIC QUESTIONNAIRE FOR CONSUMER TEST 
 
We want to ask you a few questions about yourself.  This information will help us compare 
opinions of people with different backgrounds.  All information is confidential and will not 
be identified with your name.  You may choose not to answer questions, if you wish, as 
your participation is voluntary. 
 
1. How old are you? 
 
 Under 18 years old 
 
 18-25 years old 
 
 26-35 years old 
 
 36-45 years old 
  
 46-55 years old 
 
 56-65 years old 
 
 Over 65 years old 
 
 







3. How do you describe yourself? (check all that apply) 
 








 Hispanic or Latino 
 
 Native Hawaiian or Other Pacific Islander 
 
 Other:                                  
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4. Which of the following snack products do you consume frequently (check all that 
apply)? 
 
 Potato chips 
 
 Rice puffs 
 
 Other      
                                                











 Other   
                                                    






 No opinion 
 
7. How important to you is decreasing sodium consumption in your diet? 
 
 Not at all important 
 




 Fairly important 
 
 Very important 
 
 No opinion  
     
 

















           
You have now completed the test. Thank you for your participation. Please return your ballots 
































APPENDIX D: SAMPLE QUESTIONNAIRE FOR CONSUMER TEST 
 
1.Swish and rinse with warm water.  
2.Expectorate.  
3.Rinse with room temperature water.  
4.Expectorate.   
5.Taste sample 159.   
 
 Sample 159: seasoned with salt (20% reduced sodium), monosodium glutamate (MSG), 
disodium inosinate, and disodium guanylate   
  
 How much do you like sample 159 overall?  
o 1=dislike extremely   
o 2   
o 3   
o 4   
o 5=neither like nor dislike    
o 6   
o 7   
o 8   




1.Swish and rinse with warm water.   
2.Expectorate.  
3.Rinse with room temperature water.  
4.Expectorate.   
5.Taste sample 159.   
   
Sample 159: seasoned with salt (20% reduced sodium), monosodium glutamate (MSG), 
disodium inosinate, and disodium guanylate   
   
How much do you like the saltiness of sample 159?   
o 1=dislike extremely   
o 2   
o 3   
o 4   
o 5=neither like nor dislike   
o 6   
o 7   
o 8   






How much do you like the flavor of sample 159?  
o 1=dislike extremely   
o 2   
o 3   
o 4  
o 5=neither like nor dislike   
o 6   
o 7   
o 8   




Please describe what you like about sample 159:   
    




Please describe what you dislike about sample 159:   
    






What would you change about sample 159?   
    







APPENDIX E: ATOMIC EMISSION SPECTROSCOPY DATA  
 
Atomic emission spectroscopy raw data for potato chips and puffed rice 
Sample 
type 

























A 1371446.56 1316484.94 1357856.64 1348596.05 3.01 90.24 309.9 713.40 
B 1342315.99 1400022.21 1337175.47 1359837.89 3.03 90.97 311.7 715.05 
2 
A 1464330.71 1418365.44 1414245.13 1432313.76 3.19 95.70 305.7 767.01 
B 1494605.45 1509279.47 1480841.84 1494908.92 3.33 99.79 310 788.68 
3 
A 1625150.97 1615118.09 1614007.1 1618092.05 3.59 107.84 311.2 848.96 
B 1333876.23 1328420.98 1332779.56 1331692.26 2.97 89.13 301.6 724.07 
RSST 
1 
A 832154.54 846511.36 835832.91 838166.27 1.90 56.91 304.1 458.49 
B 762820.21 768459.81 758520.48 763266.83 1.73 52.02 304.4 418.67 
2 
A 1262162.59 1254780.15 1204715.93 1240552.89 2.77 83.18 300.5 678.20 
B 1341659.46 1299358.24 1343403.29 1328140.33 2.96 88.90 300.5 724.83 
3 
A 1079170.74 1075516.12 1075506.63 1076731.16 2.42 72.49 305.1 582.07 
B 1045165.16 1052485.08 1051123.43 1049591.22 2.36 70.71 303.4 571.03 
RSLT 
1 
A 685242.78 689939.66 682065.96 685749.47 1.57 46.96 307.9 373.64 
B 751526.84 747842.54 751944.03 750437.80 1.71 51.18 301.1 416.44 
2 
A 953089.41 939532.86 936275.08 942965.78 2.13 63.75 309.7 504.33 
B 888262.63 899341.9 907715.68 898440.07 2.03 60.84 300.8 495.57 
3 
A 256467.57 260821.84 254399.65 257229.69 0.63 18.97 304.5 152.67 




A 725721.99 731745.98 737810.4 731759.46 1.67 49.96 304.2 402.38 
B 673776.84 677344.39 666520.82 672547.35 1.54 46.09 304.8 370.51 
2 
A 1000926.91 997757.31 999023.74 999235.99 2.25 67.43 310.4 532.20 
B 1030686.96 1031762.87 1018229.19 1026893.01 2.31 69.23 303.3 559.24 
3 
A 1752868.52 1732622.69 1745535.28 1743675.50 3.87 116.04 299 950.79 




A 875026.75 854718.75 851978.42 860574.64 1.95 58.37 301.7 474.02 
B 633809.15 627828.55 627287.29 629641.66 1.44 43.29 304.1 348.79 
2 
A 571990.25 571975.84 571367.14 571777.74 1.32 39.51 299.6 323.13 
B 557207.52 561552.09 558368.44 559042.68 1.29 38.68 307.8 307.90 
3 
A 437308.75 443075.28 443606.2 441330.08 1.03 31.00 302.8 250.79 
































A 1550745.99 1554949.52 1550438.85 1552044.79 3.45 103.52 309 820.81 
B 1676786.79 1677417.22 1689134.16 1681112.72 3.73 111.95 307.1 893.12 
2 
A 684720.98 684122.71 682665.26 683836.32 1.56 46.83 304.2 377.17 
B 686278.12 690599.24 685065.2 687314.19 1.57 47.06 302.3 381.39 
3 
A 1219810.36 1278145.07 1225952.43 1241302.62 2.77 83.23 309.5 658.86 





A 459086.41 459629.83 463922.68 460879.64 1.08 32.27 299.8 263.74 
B 595941.01 602355.3 603158.12 600484.81 1.38 41.39 308.7 328.48 
2 
A 560818.36 571045.03 576679.06 569514.15 1.31 39.37 308.5 312.63 
B 627225.64 619102.85 625944.94 624091.14 1.43 42.93 309.1 340.27 
3 
A 668663.22 673934.71 672811.9 671803.28 1.53 46.05 303.5 371.70 






A 1325781.9 1325581.45 1322683.28 1324682.21 2.96 88.68 304.5 713.49 
B 1250426.7 1253955.59 1260390.28 1254924.19 2.80 84.12 299.9 687.22 
RSST 
A 1026707.9 1037990.45 1039372.23 1034690.19 2.32 69.74 308.5 553.86 
B 1030455.46 1035029.07 1038334.74 1034606.42 2.32 69.74 302.4 564.99 
RSLT 
A 446611.38 446173.97 447725.45 446836.93 1.05 31.36 308.9 248.69 
B 538631.36 535699.71 538536.87 537622.65 1.24 37.28 298.5 306.01 
RSST 
MSG 
A 863447.16 860846.67 861028.59 861774.14 1.95 58.45 305.6 468.59 
B 785662.02 789379 763104.6 779381.87 1.77 53.07 302.2 430.25 
RSLT 
MSG 
A 423745.48 433476.62 424818.87 427346.99 1.00 30.08 308.5 238.91 




A 1154738.08 1164123.28 1165883.87 1161581.74 2.60 78.03 309.4 617.86 




A 518256.12 530591.8 526494.23 525114.05 1.22 36.47 299.7 298.11 
B 535116.76 538563.37 537689.7 537123.28 1.24 37.25 312.9 291.68 
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Processing replication average mg sodium (Na)/100 g potato chip or puffed rice sample and sample average mg Na/100 g potato chip 
or puffed rice sample. 
Sample type Sample Processing replication Average mg Na/ 100 g sample 





















329.21 2 315.52 
3 260.71 
RSST MSG + I+G 
1 856.97 
637.04 2 379.28 
3 674.87 
RSLT MSG + I+G 
1 296.11 






RSST 559.42 559.42 
RSLT 277.35 277.35 
RSST MSG 449.42 449.42 
RSLT MSG 257.95 257.95 
RSST MSG + I+G 618.01 618.01 
RSLT MSG + I+G 294.89 294.89 
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Analysis of variance Fcalculated values for corresponding sources of potato chip atomic emission 









Analysis of variance Fcalculated values for corresponding sources of puffed rice atomic emission 
spectroscopy (AES) data.  
 
Source DF Fcalculated 
Sample 6 570.007*** 
Sampling replication 1 0.114 
AES instrumental replication 2 0.065 
 
Source DF Fcalculated 
Sample 6 27.033*** 
Processing replication 2 0.963 
Sampling replication 1 0.004 
AES instrumental replication 2 0.001 
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APPENDIX F: PANEL SCREENING QUESTIONNAIRE 
 
Thank you for your interest in a descriptive analysis of potato chip and rice puff samples. Your 
answers to the questions will be confidential and used only for the organization of the panel. 
If you have any questions or concerns on the questions, please feel free to contact Aimee 
Buechler at aimeeeb2@illinois.edu.  
Name:  
E-mail: 
1. Are you available to participate every weekday (Monday through Friday) from October 
3, 2018 to November 14, 2018 from 8 am to 9 am?   Yes No 
2. Are you over 18 years old?  Yes  No 
3. You are  Male  Female 
4. Do you smoke? Yes No 

















APPENDIX G: PANEL SCREENING BASIC TASTE IDENTIFICATION FORM 
 
PART I: Basic Taste Test  
1. Rinse your mouth with water before you begin.  
2. Take a sip of the sample into your mouth and move it around so it touches all parts of 
your tongue. Do not swallow the sample; expectorate it into the provided spit cup.  
3. Write which of the basic tastes (sweet, salty, sour, bitter, umami or none) you perceive in 
the sample on the corresponding blank. If you are unsure of the identification, write a “?” 
after the basic taste name (e.g. “sweet?”). Re-tasting is allowed.  
4. Rinse your mouth with water before tasting the next sample.  
  
Sample Basic Taste    
765 ________________   
628 ________________   
154 ________________   
408 ________________   
376 ________________   
592 ________________   




PART II: Paper Test  
Place the piece of paper on your tongue, close your mouth, and wet the paper with saliva for 10 
seconds.  
Do you perceive a taste?    Yes       No  
  
If you answered “Yes,” what do you taste?_________________  
  
If you answered “Yes,” circle a number on the following scale that represents how strong 
the taste you perceive is:  
  
1  2  3  4  5  6  7  8  9  10  
Very 
Weak  










APPENDIX H: INFORMED CONSENT FORM FOR DESCRIPTIVE PANEL 
 
You are being asked to participate in a research study.  Researchers are required to provide a 
consent form such as this one to tell you about the research, to explain that taking part is 
voluntary, to describe the risks and benefits of participation, and to help you to make an 
informed decision.  You should feel free to ask the researchers any questions you may have. 
 
Principal Investigator Name and Title: Soo-Yeun Lee, professor 
Department and Institution: Food Science and Human Nutrition, University of Illinois Urbana-
Champaign 
Address and Contact Information: Bevier Hall Room 351 905 S. Goodwin Ave. Urbana, IL 
61801 
Sponsor: Ajinomoto North America, Inc. 
 
Why am I being asked?     
You are being asked to be a subject in a research study about identifying the differences among 7 
potato chips varieties and among 7 rice puff varieties based on defined sensory attributes.  
You have been asked to participate in the research because a trained panel is needed to discover 
sensory differences and degree of differences between the selected sodium levels of the samples. 
 
Your participation in this research is voluntary.  Your decision whether or not to participate will 
not affect your current or future dealings with the University of Illinois at Urbana-Champaign.  If 
you decide to participate, you are free to withdraw at any time without affecting that 
relationship.  
 
Approximately 20 subjects may be involved in this research at the University of Illinois at 
Urbana-Champaign.  
 
What is the purpose of this research?    
The objective of this research is to determine the sensory characteristics and establish sensory 
differentiation of 7 varieties of potato chips and 7 varieties of rice puffs having different levels of 
sodium by a trained panel. Panelists will evaluate a total of 14 samples. The samples will be 
evaluated for taste in order to discover sensory differences and degree of differences between the 
selected sodium levels.  . 
 
What procedures are involved?    
This research will be performed at Bevier Hall room 376 at University of Illinois Urbana-
Champaign. 
You will need to come to the study site 30 times over the next six weeks.  
Each of those visits will take about one hour.  
The study procedures are that panelists will be trained on the use of scales and references to 
describe attributes of the potato chip and rice puff samples. Food products, which act as physical 
representations of the terms (references), will be suggested by panelists and presented to them by 
the investigator(s). Panelists will taste the references to determine if they adequately represent 
attributes of the samples they are meant to demonstrate. The procedure will be repeated until 
reaching consensus between generated terms and references. Once a set of references has been 
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identified, the reference attribute intensities will be rated by panelists and panelists will use the 
references to evaluate the characteristics of the potato chips and rice puffs. For the final testing, 
panelists will record their evaluations of samples in individual booths. Panelists will be presented 
with the potato chip or rice puff samples and reference samples, and will be asked to rate their 
perceived intensities of the specific attributes of the potato chip or rice puff sample compared to 
the attribute intensity of the references.. 
What are the potential risks and discomforts? 
To the best of our knowledge, the things you will be doing have no more risk of harm than you 
would experience in everyday life. 
Are there benefits to taking part in the research?   
Taking part in this research study may not benefit you personally, but we [researchers] may learn 
new things that will help others.  
What other options are there? 
You have the option to not participate in this study. 
 
Will my study-related information be kept confidential? 
 
Faculty, students, and staff who may see your information will maintain confidentiality to the 
extent of laws and university policies. Personal identifiers will not be published or presented. 
 
We will ask everyone in the group discussion to respect the privacy of other participants and to 
treat anything said in the group as confidential. However, please remember there is no guarantee 
that other participants will cooperate.  
What are the costs for participating in this research?    
There are no costs to you for participating in this research. 
Will I be reimbursed for any of my expenses or paid for my participation in this research? 
You will receive $270 via University check through TEM. You will receive your payment upon 
completion of all testing sessions. If you fail to complete all sessions, you will be paid $9/hour 
for the number of hours that you completed.  
Can I withdraw or be removed from the study?  
If you decide to participate, you are free to withdraw your consent and discontinue participation 
at any time. 
The Researchers also have the right to stop your participation in this study without your consent 
if: 
→ They believe it is in your best interests; 
→ You were to object to any future changes that may be made in the study plan; 
 
In the event you withdraw or are asked to leave the study, you will still be compensated as 
described above. 
Who should I contact if I have questions?  
Contact the researchers Soo-Yeun Lee at 217-244-9435 or email address: soolee@illinois.edu 
• if you have any questions about this study or your part in it,   
• if you have questions, concerns or complaints about the research. 
 
What are my rights as a research subject?  
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If you feel you have not been treated according to the descriptions in this form, or if you have 
any questions about your rights as a research subject, including questions, concerns, complaints, 
or to offer input, you may call the Office for the Protection of Research Subjects (OPRS) at 217-
333-2670 or e-mail OPRS at irb@illinois.edu 
What if I am an Illinois student?   
You may choose not to participate or to stop your participation in this research at any time.  This 
will not affect your class standing or grades at UIUC.  The investigator may also end your 
participation in the research.  If this happens, your class standing or grades will not be affected.  
You will not be offered or receive any special consideration if you participate in this research. 
What if I am an Illinois employee?    
Your participation in this research is in no way a part of your university duties, and your refusal 
to participate will not in any way affect your employment with the university, or the benefits, 
privileges, or opportunities associated with your employment at the University of Illinois at 
Urbana-Champaign.  You will not be offered or receive any special consideration if you 
participate in this research.  
Remember:      
Your participation in this research is voluntary.  Your decision whether or not to participate will 
not affect your current or future relations with the University.  If you decide to participate, you 
are free to withdraw at any time without affecting that relationship. 
I have read (or someone has read to me) the above information.  I have been given an 
opportunity to ask questions and my questions have been answered to my satisfaction.  I agree to 
participate in this research.  I will be given a copy of this signed and dated form. 
 
           
Signature       Date 
 
      
Printed Name 
 
           
Signature of Person Obtaining Consent   Date (must be same as subject’s) 
 
      
Printed Name of Person Obtaining Consent 
 
